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The benefits of breakfast cereal consumption: a systematic review of the
evidence base
Abstract
There have been no comprehensive reviews of the relation of breakfast cereal consumption to nutrition
and health. This systematic review of all articles on breakfast cereals to October 2013 in the Scopus and
Medline databases identified 232 articles with outcomes related to nutrient intake, weight, diabetes,
cardiovascular disease, hypertension, digestive health, dental and mental health, and cognition. Sufficient
evidence was available to develop 21 summary evidence statements, ranked from A (can be trusted to
guide practice) to D (weak and must be applied with caution). Breakfast cereal consumption is associated
with diets higher in vitamins and minerals and lower in fat (grade B) but is not associated with increased
intakes of total energy or sodium (grade C) or risk of dental caries (grade B). Most studies on the
nutritional impact are cross-sectional, with very few intervention studies, so breakfast cereal consumption
may be a marker of an overall healthy lifestyle. Oat-, barley-, or psyllium-based cereals can help lower
cholesterol concentrations (grade A), and high-fiber, wheat-based cereals can improve bowel function
(grade A). Regular breakfast cereal consumption is associated with a lower body mass index and less risk
of being overweight or obese (grade B). Presweetened breakfast cereals do not increase the risk of
overweight and obesity in children (grade C). Whole-grain or high-fiber breakfast cereals are associated
with a lower risk of diabetes (grade B) and cardiovascular disease (grade C). There is emerging evidence
of associations with feelings of greater well-being and a lower risk of hypertension (grade D), but more
research is required.
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SUPPLEMENT

The Beneﬁts of Breakfast Cereal Consumption:
A Systematic Review of the Evidence Base1–4
University of Canberra, Canberra, Australia; and University of Wollongong, Wollongong, Australia

ABSTRACT

There have been no comprehensive reviews of the relation of breakfast cereal consumption to nutrition and health. This systematic review
of all articles on breakfast cereals to October 2013 in the Scopus and Medline databases identiﬁed 232 articles with outcomes related to
nutrient intake, weight, diabetes, cardiovascular disease, hypertension, digestive health, dental and mental health, and cognition.
Sufﬁcient evidence was available to develop 21 summary evidence statements, ranked from A (can be trusted to guide practice) to D
(weak and must be applied with caution). Breakfast cereal consumption is associated with diets higher in vitamins and minerals and lower
in fat (grade B) but is not associated with increased intakes of total energy or sodium (grade C) or risk of dental caries (grade B). Most
studies on the nutritional impact are cross-sectional, with very few intervention studies, so breakfast cereal consumption may be a marker
of an overall healthy lifestyle. Oat-, barley-, or psyllium-based cereals can help lower cholesterol concentrations (grade A), and high-ﬁber,
wheat-based cereals can improve bowel function (grade A). Regular breakfast cereal consumption is associated with a lower body mass
index and less risk of being overweight or obese (grade B). Presweetened breakfast cereals do not increase the risk of overweight and
obesity in children (grade C). Whole-grain or high-ﬁber breakfast cereals are associated with a lower risk of diabetes (grade B) and
cardiovascular disease (grade C). There is emerging evidence of associations with feelings of greater well-being and a lower risk of
hypertension (grade D), but more research is required. Adv. Nutr. 5: 636S–673S, 2014.

Introduction
The role of breakfast cereals in a balanced diet has been recognized for many years (1–3). Dietary guidelines note that
the high nutrient density of breakfast cereals (especially
those that are whole grain or high in cereal fiber) makes
them an important source of key nutrients (4). In addition
to providing an important source of vitamins and minerals,
breakfast cereals are also potentially important sources of antioxidants (5–7) and phytoestrogens (8) and are 1 of the most
important sources of whole grains (9). However, there have
been no comprehensive reviews of their health benefits and
there is some uncertainty about their nutritional merits

1
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because of concerns about the amounts of salt, sugar, or saturated fat in some products (10).
The Australian Breakfast Cereal Manufacturers Forum
commissioned this systematic review to summarize the evidence relating the consumption of breakfast cereals and a
range of health outcomes. The review covers the breakfast
cereal category generally and not individual products or cereal components or properties such as whole grains, dietary
ﬁber, or glycemic index (GI)5.

Methods
For this review, “breakfast cereal” was defined to include ready-to-eat
breakfast cereal (RTEC), oats/porridge, and muesli. Exclusions were breakfast bars, muesli bars, liquid breakfast products, milk drinks, and yogurt
products. The author conducted a systematic review of the published scientific literature from all dates until October 2013 in the Scopus and Medline
databases by using the search terms listed in Supplemental Table 1. Inclusion criteria were as follows: English-language publications only, studies in
adult and children and males and females of all ages and health conditions,
and all study types including reviews. Exclusion criteria were as follows:
5

Abbreviations used: CVD, cardiovascular disease; GI, glycemic index; PS, presweetened; RCT,
randomized controlled trial; RTEC, ready-to-eat cereal; T2D, type 2 diabetes; tHcy, total
homocysteine; %E, percentage of energy.

ã2014 American Society for Nutrition. Adv. Nutr. 5: 636S–673S, 2014; doi:10.3945/an.114.006247.
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Results
Contribution of breakfast cereals to healthy diets
Contribution to energy and nutrient intakes.
Reviews. There have been 3 major reviews of the contribu-

tions of breakfast cereals to nutrient intake and overall good
health: 2 general narrative reviews (15,16) and 1 systematic
review of studies in children and adolescents (17). One other
review of the breakfast meal also summarized some of the
studies that reported the effects of RTEC consumption (18).

These reviews are largely in agreement that, compared
with those who consume lower amounts of breakfast cereal
or nonconsumers, regular breakfast cereal consumers have

··
··
··
·
··

higher intakes of carbohydrate;
higher intakes of total sugars;
lower intakes of fat;
lower cholesterol intakes;
enhanced micronutrient intakes;
higher milk intakes;
greater likelihood of meeting micronutrient recommended
intakes;
improved nutritional status; and
lower serum cholesterol concentrations.

Intervention studies. Table 1 summarizes findings from 11

intervention studies that incorporated additional breakfast
cereal into subjects’ diets and shows the nutrients that
were increased, decreased, or remained unchanged in the
subjects’ total daily intakes. Those studies generally show
an increase in vitamin and mineral intakes, and decreases
in fat, but no consistent effect on daily energy, protein, or
carbohydrate intakes.
Cross-sectional studies. There are 51 studies that reported

on the nutritional impact of regular breakfast cereal consumption in those who eat breakfast: that is, comparing consumption of a breakfast cereal–based breakfast vs. other
breakfast types (see Supplemental Tables 2 and 3). Of these

FIGURE 1 PRISMA (Preferred
Reporting Items for Systematic
Reviews and Meta-Analyses) flow
diagram. GI, glycemic index.
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animal studies or articles primarily focused on the breakfast meal, dietary
fiber, whole grains, cereal fiber, or other components of cereal foods in general. Relevant studies cited in review articles or those identified in the search
were also considered. Figure 1 shows the study selection flowchart. From the
5316 articles originally identified in the database search, a total of 232 were
used in the qualitative synthesis presented in the Results section.
Quantitative data were extracted from the relevant articles, including the
study methods, populations, and outcomes of signiﬁcance to the review.
Study quality was examined by using the methods of the American Dietetic
Association Evidence Analysis Manual, and scored as positive, neutral, or
negative (11).
Body of evidence tables were developed to present the main ﬁndings
with the use of the methodology and format recommended by the Australian
National Health and Medical Research Council (12,13). These statements
summarize the scientiﬁc ﬁndings in a standardized manner, with a grading
from A (body of evidence can be trusted to guide practice), B (can be trusted
to guide practice in most situations), C (provides some support but care
should be taken in its application), to D (body of evidence is weak and
must be applied with caution) (14).

96 children aged
33–90 mo; US

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Hambidge
et al. (263)

Kirk et al. (77)2

Kleemola et al.
(91)2

Kirk et al. (107)

Abrams et al.
(264)

Mattes (87)

Ortega et al.
(105)

Ortega et al.
(74)

Lightowler and
Henry (104)

Study design

Diet

Diet C: breakfast cereals and cereal bars at least
33/d, in addition to normal cereal foods
Diet V: vegetables at least 33/d in addition to
normal cereal foods

Intervention groups: either Special K or a variety
of RTECs to select from
Control: normal diet

2 servings per day of calcium-fortiﬁed breakfast
cereal (156 mg/serving)

Stage 2: encouraged to use RTEC as a snack

Stage 1: 45 g RTEC with skim milk

3-d food diaries used to record diet intake

Randomized controlled trial on 20% hypocaloric diet with 2 Diet C: breakfast cereals and cereal bars at least
diets with increased consumption of C or V
33/d, in addition to normal cereal foods
Diet V: vegetables at least 33/d in addition to
normal cereal foods
41 overweight and 6-wk randomized trial with subjects required to consume
2 choices of RTECs compared:
obese men and
one of two 45-g equicaloric RTEC choices (SC or VC) with
semi-skimmed milk at breakfast and lunch, without control SC: Fitnesse (1.7 g fiber/ serving)
women; UK
of other meals.
VC: Shredded Wheat (5.4 g fiber), or Berry
Shredded Wheat (5.0 g fiber) (Cereal Partners
UK)

57 women aged
20–35 y; Spain

209 adults aged
Randomized crossover trial for 6 wk. Intervention group in29–71 y; Finland
structed to consume 60 g (women) or 80 g (men) RTEC
with skim milk, fat-free yogurt, and juice at breakfast.
Controls followed normal eating patterns.
22 overweight
Within-person pre-post study design; 2 wk replacing 1 meal
adults (mean
with breakfast cereal, followed by 4 wk ad libitum highBMI, in kg/m2:
CHO diet.
31); UK
27 children aged Randomized double-blind controlled 14-d trial. Participants
6–9 y; US
provided with General Mills cereal—fortified or
nonfortified.
Randomized, parallel, controlled trial with subjects eating
82 overweight
men and
RTEC with skim milk and fruit for breakfast and either lunch
women (mean
or dinner meal
BMI: 29; mean
age 42 y); US
67 overweight
Randomized controlled trial on 20% hypocaloric diet with 2
diets with increased consumption of C or V
women (mean
BMI: 28.4); Spain

Zinc

Nutrients
increased

—

Thiamin

Folate

Sugars

Energy

—

—

(Continued)

Fiber (SC)

Energy (SC Energy (VC group)
group)
Fat
Protein
Fiber (VC
CHO
only)

Fat

Protein

CHO

Iron

%E from fat Fiber

Energy

Energy
%E from protein
%E from fat Fiber

Energy

—

—
—

Nutrients
unchanged

Nutrients
decreased

Protein
Fat
CHO
Vitamin B-6 Energy

%E from
protein
%E from
CHO
Calcium

Thiamin
Riboflavin
Niacin
Pyridoxine
Folate
Vitamin D
Calcium
Iron
2 Kellogg’s cereals provided: Corn Flakes and Rice %E from
Krispies
CHO

Randomized double-blind controlled 9-mo trial. Participants Zinc-fortiﬁed breakfast cereal to provide 25% of
were provided with Kellogg’s cereal—fortified or
RDA. Calculated intake average, 2.57 mg Zn/d
nonfortified.
from cereal.
59 students, mean Randomized controlled trial for 12 wk. Intervention group
3 Kellogg’s cereals provided: Corn Flakes, Rice
age 23 y;
instructed to consume 2 servings (60 g) RTEC/d with semiKrispies, Special K. All fortified with B1, B2, B3,
Scotland
skimmed milk. Controls given no dietary advice.
B6, B12, folate, vitamin D, and iron.

Subjects and
study location

Quality
rating

Intervention trials with added breakfast cereal consumption: impact on daily nutrient intake1

Authors
(reference)

TABLE 1
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B1, vitamin B-1 (thiamin); B2, vitamin B-2 (riboflavin); B3, vitamin B-3 (niacin); B6, vitamin B-6, pyridoxine; B12, vitamin B-12 (cyanocobalamin); C, cereals; CHO, carbohydrate; RDA, recommended dietary allowance; RTEC, ready-to-eat breakfast
cereal; SC, single choice; V, vegetables; VC, variable choice; %E, percentage of energy.
2
Study included in 1 of the review articles.

Randomized, controlled 6-wk intervention study. The inter- 9 different varieties of Kellogg’s RTECs were provided with external packaging removed.
vention group was given a selection of breakfast cereals to
consume instead of their normal evening snack. Control
Participants were advised to try each at least
group maintained normal habits.
once.
70 overweight
men and
women who
were self-reported evening
snackers; UK
Positive
Matthews et al.
(106)

1

Energy
%E from CHO
g fat
%E from fat
g protein
%E from protein
g CHO

Nutrients
unchanged
Nutrients
decreased
Nutrients
increased
Diet
Study design
Subjects and
study location
Quality
rating
Authors
(reference)

·
·
·

higher in percentage of energy (%E) from carbohydrate, total
sugars, dietary fiber, vitamins A and D, thiamin, riboflavin,
niacin, pyridoxine, folate, calcium, iron, magnesium, and zinc;
no different in total energy intake, %E from protein, or sodium; and
lower in %E from fat.

Almost all of the studies are for RTEC only. Many of the
micronutrient differences are related to the fortiﬁcation proﬁle of the breakfast cereals, but the increased milk intake
would contribute signiﬁcantly to the higher daily calcium
and riboﬂavin intakes. In both Australia and the United
States, approximately one-quarter of all milk consumed by
children and adolescents is added to breakfast cereal (69,70).
Other ﬁndings from the studies show that children and
adolescents who eat breakfast cereal regularly

·
·
··

are less likely to have vitamin and mineral intakes below the
recommended daily requirements, especially for calcium
(21,22,24,25,27,33,37,38,41,44,46,48);
have better diets overall, measured by the Healthy Eating Index
score (48);
have lower daily cholesterol intakes (20); and
have better nutritional status (assessed by blood measures), especially for the vitamins thiamin, riboflavin, and pyridoxine
(32) and iron (34).

In food-insecure children in the United States, the percentage whose daily nutrient intake was below the Estimated
Average Requirement was higher in those who did not consume breakfast cereal for several key nutrient, including
62.7% vs. 39.9% for calcium, 26.3% vs. 19.4% for magnesium, 33.4% vs 8.1% for vitamin A, 15.4% vs. 3.2% for
zinc, and 9.4% vs. 0.1% for folate, respectively (48). The difference in total milk consumption (345 vs. 142 g for cereal
consumers vs. nonconsumers) was signiﬁcantly greater
than the difference in food-secure children (324 vs. 161g;
P < 0.05)—that is, RTEC was even more important in
food-insecure children in improving milk intakes. Comparing Healthy Eating Index scores, both food-secure and
food-insecure children achieved better scores when they
consumed breakfast cereals, but the improvement in total
grain intake was significantly greater for food-insecure children (46).
In the 1995 Australian National Nutrition Survey, breakfast cereals as consumed with milk and sugar contributed
only 6–9% of total energy intakes of children and adolescents
but provided >25% of the Recommended Dietary Intake
(RDI) for thiamin, riboflavin, and iron (for boys) and >10%
of the RDI for niacin, folate (for boys), calcium, iron (for girls),
and magnesium (37). In the 2007 Australian National Children’s
Nutrition and Activity Survey, RTEC consumption provided
10% of total daily fiber intake (47).
Breakfast cereals review 639S
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TABLE 1 (Continued )

studies, 30 were in children (19–48) and 21 were in adults
(31,49–68). The results from the cross-sectional studies
and the randomized controlled trials (RCTs) showed very
consistent results.
Children and adolescents who consume breakfast cereals
regularly have daily diets that are

Adults who consume breakfast cereals regularly have
daily diets that are

Consistently, the daily diets of breakfast cereal eaters (compared with breakfast skippers) are

higher in %E from carbohydrate, total sugars, dietary fiber, vitamins A and D, thiamin, riboflavin, niacin, pyridoxine, folate,
calcium, iron, magnesium, and zinc;
no different in total energy intake, sodium, or %E from protein; and
lower in %E from fat.

higher in energy and %E from carbohydrate, dietary fiber, and
all vitamins and minerals, and
lower in %E from fat.

·
·
·

·
·
·

are less likely to have vitamin and mineral intakes below the
recommended daily requirements, especially for thiamin, riboflavin, niacin, folate, vitamin C, calcium, magnesium, iron, zinc,
and fiber (54,56,57,60–63,66–68);
have better diets overall, measured by the Healthy Eating Index
(63); and
have better nutritional status (assessed by blood measures),
especially for the vitamins thiamin, riboflavin, and folate
(31,60,73,74).

Those consuming whole-grain and high-ﬁber breakfast
cereals, compared with those consuming other breakfast cereals, had signiﬁcantly higher daily intakes of %E from protein, ﬁber, niacin, folate, calcium, and zinc (65); however,
whole-grain cereal intake in particular is likely to be a
marker of a healthy lifestyle and therefore potentially subject
to residual confounding.

Benefits of a breakfast cereal meal pattern. There are
clearly nutritional beneﬁts from including breakfast cereals
in a breakfast meal. A recently proposed Breakfast Quality
Index has the inclusion of breakfast cereals as a key factor
to improve the overall breakfast meal score (75). Findings
from the cross-sectional studies show that

·
·
·

eating breakfast cereal facilitates greater milk consumption in
children (39,48,76) and in adults (51,54,56,62,63,65,77);
those who eat breakfast cereal regularly have higher wholegrain consumption per day, both in children (42,46,48,78)
and in adults (63,79); and
children and adults eating RTEC also eat a greater range of different foods at the breakfast meal (28,63).

Comparison of breakfast cereal eaters with breakfast
skippers. Eleven cross-sectional studies (summarized in
Supplemental Table 4) compared the daily nutrient intakes
of people eating a cereal-based breakfast with breakfast
skippers (20,41,44,46,50,53,54,60,63,64,67). Those results
mostly supported the comparisons of consumers of breakfasts with or without the inclusion of breakfast cereals.
640S Supplement

The results from comparisons of %E from protein, total
sugars, and sodium are more varied and there are no clear
trends. The consistent ﬁnding of higher milk intakes in
those who consume breakfast cereals is part of the reason
that studies have shown higher riboﬂavin status in those
who consume breakfast cereals (80).

Presweetened vs. minimally presweetened cereals. Analysis of data from the 2007 Australian National Children’s Survey of children and adolescents aged 2–16 y compared the
intakes of those consuming presweetened breakfast cereals
with $15% total sugars or minimally presweetened (PS)
breakfast cereals (non-PS) (81) and found that total daily
energy and nutrient intakes were not significantly different,
including intake of total sugars (PS vs. non-PS consumers:
121 vs. 118 g/d). Another analysis of the same survey data
noted that RTECs provided 34% of the total sugars consumed at breakfast but only 7% of the total sugars consumed
over the whole day (44).
A recent study of 312 Australian breakfast cereals showed
that there was no relation between the total sugar content
and the energy density of breakfast cereals, both ready-toeat and other breakfast types (82), which supports the ﬁnding of no difference in total daily energy intake regardless of
the amount of sugar in breakfast cereals themselves.
These results are consistent with several studies in American
children. A study in 5- to 12-y-old children found that that
compared with children consuming RTEC with >25% total
sugars, those consuming nonsweetened cereals (<25% total
sugars) had higher daily intakes of protein, carbohydrate, fiber,
folate, vitamin A, calcium, and magnesium, but there were
no significant differences in intakes of total energy, fat, total sugars, thiamin, riboflavin, niacin, ascorbic acid, iron,
zinc, or sodium (19). Another cross-sectional study in
U.S. children and adolescents reported that children aged
6–11 y who consumed PS breakfast cereals had higher total
added sugars in their diet (93 vs. 83 g/d), but that in adolescents aged 12–17 y there was no difference in daily total
sugar consumption between consumers and nonconsumers
of PS breakfast cereals (76).
In a more recent study in PS vs. non-PS breakfast cereal
consumers aged 4–13 y, daily energy and total sugar intakes
were higher in those consuming PS cereals (defined as those
with >6 g total sugars per serving), but there were no differences found for adolescents aged 14–18 y. Daily sodium intakes were lower in those consuming PS cereals at all ages.
There were no differences in BMI or waist circumference between any age group (43).
In 1 experimental study (83), children aged 5–12 y were
offered a choice of 1 of 3 high-sugar breakfast cereals (with
11–12 g of total sugars per serving) or low-sugar cereals (1–4 g

Downloaded from advances.nutrition.org at UNIVERSITY OF WOLLONGONG on September 15, 2014

The latest national survey from the United Kingdom
found that whereas breakfast cereals contribute 3–5% of
the daily energy intake and 2–5% of dietary fiber intake,
they provide only 1% of fat and 1–2% of sodium in the total
diet (3). Similarly, breakfast cereals contribute only 2.1–
2.6% of total sodium intake in adults in the United States
(71) and <2.5% in Australia (72).
Other ﬁndings show that adults who eat breakfast cereal
regularly

·
·

total sugars per serving) plus free access to added sugar,
milk, fruit, and juice. The study found that

·
·
·
·

Table 2 provides body of evidence summaries of
the main findings from the studies on the contribution of
breakfast cereals to dietary intake.
Weight gain, overweight, and obesity
Meta-analysis. There has been only 1 meta-analysis of the
evidence of the effect of breakfast cereal consumption on
obesity (84). It examined 14 studies in 33,205 children
and adolescents and calculated that, compared with low or
nonconsumers of cereal, high consumers had a lower
mean BMI by 1.13 kg/m2 (95% CI: 0.81, 1.46; P < 0.0001).
Most of the studies were cross-sectional in design; only 1 intervention trial and 2 prospective studies were included.
Breakfast cereal manufacturers funded all but 1 of the studies.
The studies in this meta-analysis did not always control
for physical activity or dieting behavior, and these could
be important confounding factors in the results. The article
concludes: “Overall the evidence reviewed is suggestive that
regular consumption of breakfast cereals results in a lower
BMI and a reduced likelihood of being overweight in children and adolescents. However, more evidence from longterm trials and investigations into mechanisms is needed
to eliminate possible confounding factors and determine
causality.”

Systematic reviews. Three other systematic reviews of the
topic have been published (Table 3). There is a significant
overlap between the studies included in these reviews and
the meta-analysis; the total numbers of publications included
in all 4 articles are as follows: 8 intervention studies (40,85–91),
6 prospective studies (36,40,92–95), and 15 cross-sectional
studies (24,27,32,33,35,38,41,42,55,59,96–100).
The only study that examined breakfast cereal consumption and prospective weight change was that of Bazzano et al.
(93). They reported that mean body weight gain over 13 y
follow-up of 17,881 U.S. male physicians was signiﬁcantly
less in those who consumed at least 1 serving of breakfast cereal per day compared with those rarely consuming cereals:
1.18 vs. 2.27 kg (P = 0.007). The RR of becoming overweight
(BMI $25 kg/m2) over the same period was 0.88 (95% CI:
0.67, 0.91; P = 0.01) in regular consumers compared with
those rarely consuming cereals.

Additional intervention studies. Sixteen intervention studies exist in addition to those in the meta-analysis or the 3 reviews and are summarized in Table 4. Most of these studies
are short-term and focus only on immediate effects on satiety and next-meal food consumption, and so do not provide
strong evidence for claims about longer-term health effects.
Of the 3 longer studies (>6 wk), 2 included cereals in hypocaloric diets and found no significant effect (101,102). One
study with 2 servings of oats in an otherwise free diet does
provide evidence to support the benefit of oat-based cereals
(103). However, that study did not provide information on the
control cereal used for comparison and required 2 servings/d to
be consumed (103). The other three 6-wk studies had differing results: 1 reported a beneficial effect with an oat-based
breakfast cereal taken at 2 meals in a day (104); another
also found that increased breakfast cereal consumption assisted weight loss in a hypocaloric diet (105); and another
found no effect when evening snacks were replaced by
RTEC (106).
Several of the intervention studies showed breakfast cereal
consumption to be helpful in assisting weight loss when used
as snack or meal replacements (87–89,102–104,107), although
1 study did not find any significant effect (106).
In contrast, most of the intervention studies that added
cereal at breakfast did not show any signiﬁcant impact on
measures of weight (85,86,90,91,101,102,106). It is often
difﬁcult to distinguish the effect of a breakfast meal from
the effect of breakfast cereals speciﬁcally; there is thus a
need for larger long-term intervention trials comparing the
impact of different types of breakfast cereals when consumed
at breakfast.
Additional cross-sectional studies. Sixteen additional
cross-sectional studies were identiﬁed that were not included in the 4 systematic reviews (see Supplemental Table
5) (41–43,45,46,66,68,81,108–115). Three of these studies
compared the weight status of consumers of PS or non-PS
RTECs and found no differences in BMI or waist circumference in children and adolescents (43,81,112). This is valuable
suggestive information, but results from cohort studies would
be ideal to support a firm statement on this issue.
Perhaps the best evidence for a preventive effect of breakfast cereal on weight gain comes from the single-cohort
study that has examined this (116), and the computed
ORs from cross-sectional studies in the meta-analysis support those results (117). However, in the absence of further
cohort and intervention trials, the current evidence is not yet
strong enough to claim a direct protective effect.
Breakfast cereals review 641S
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children reported greater liking of the high-sugar cereals and
consumed almost twice the amount per eating occasion compared with those served the low-sugar cereals (61.3 vs. 34.6 g);
children offered low-sugar cereals added more table sugar than
those eating high-sugar cereals, and the total sugar content
(from cereal and added sugar) was almost twice as high as
with the high-sugar cereals (24.4 vs. 12.5 g; P < 0.001);
there was no difference in the amount of milk consumed with
the 2 types of cereals, nor the total energy consumed at the
breakfast meal; and
children in the low-sugar group were more likely to put fresh
fruit on their breakfast cereal compared with the high-sugar
cereal condition (54% vs. 8%; P = 0.05).

The 3 reviews suggest that people who eat breakfast cereals regularly have a lower BMI and are less likely to be
overweight. However, results from intervention trials are inconsistent and there is limited evidence for any proposed
causal mechanism. Furthermore, although the reported
beneﬁts from RTEC might be more pronounced among
the higher-ﬁber cereals, there is a need for more large-scale
randomized clinical trials.

Good

Poor
Excellent
Excellent

Consistency

Clinical impact
Generalizability
Applicability

(Continued)

1 Level II studies (RCTs) (positive quality)
4 Level IV studies (cross-sectional studies) (all positive quality)
3 of 4 cross-sectional studies and the 1 RCT reported no difference in energy consumed; 1 crosssectional study reported a higher energy intake in consumers of presweetened cereals aged
4–13 y but not in adolescents aged 14–18 y
Mostly nil effect
Populations studied in the body of evidence cover a wide range of countries of residence
Directly applicable in populations in whom breakfast cereals are consumed regularly

C

Excellent
—
Satisfactory

Applicability
Consumption of presweetened breakfast cereals does not increase the total daily
energy intake in children’s diets
Evidence base

Excellent
—
Poor
Excellent
Good
Excellent

Applicability
Consumption of breakfast cereals is associated with higher daily milk intake
Evidence base
Consistency
Clinical impact
Generalizability
C

20 Level IV studies (cross-sectional studies) (all positive quality)
All cross-sectional studies report consistent effect
All signiﬁcant, P , 0.05
Populations studied in the body of evidence cover a wide range of ages and countries of
residence
Directly applicable in populations where breakfast cereals are consumed regularly
Body of evidence provides some support but care should be taken in its application
10 Level IV studies (cross-sectional studies) (all positive quality)
All cross-sectional studies report consistent effect
25–140% increase in milk intake
Populations studied in the body of evidence cover a wide range of ages and countries of
residence
Directly applicable in populations in whom breakfast cereals are consumed regularly
Body of evidence provides some support but care should be taken in its application

Excellent
—

5 Level II studies: RCTs (all positive quality)
49 Level IV studies: 4 reviews and 45 cross-sectional studies (all positive quality)
Of a total of 452 measurements, 85% were increased, none decreased, and 15% were
unchanged.
All signiﬁcant, P , 0.05
Populations studied in the body of evidence cover a wide range of ages and countries of
residence
Directly applicable in populations in whom breakfast cereals are consumed regularly
Body of evidence provides some support but care should be taken in its application

Poor
Excellent
Satisfactory
Excellent

C

Notes
Body of evidence can be trusted to guide practice in most situations
6 Level II studies: RCTs1 (all positive quality)
45 Level IV studies: 4 reviews and 41 cross-sectional studies (all positive quality)
All reviews and 37/41 studies reported lower fat content
%E from fat reduced by 3–4%
Populations studied in the body of evidence cover a wide range of ages and countries of
residence
Directly applicable in populations in whom breakfast cereals are consumed regularly
Body of evidence can be trusted to guide practice in most situations

Applicability
Regular consumption of breakfast cereals is associated with a greater likelihood of
meeting recommended nutrient intakes
Evidence base
Consistency
Clinical impact
Generalizability

Satisfactory
Excellent

Clinical impact
Generalizability

Good

Excellent
—

Good
Good
Excellent

—
Good

Rating

Good

B

B

Consistency

Applicability
Regular consumption of breakfast cereals is associated with diets that are higher in
vitamins and minerals for adults, adolescents, and children
Evidence base

Consistency
Clinical impact
Generalizability

Regular consumption of breakfast cereals is associated with diets that are lower in fat
Evidence base

Grade

Body of evidence summaries related to breakfast cereals and dietary intake

Evidence statement and components

TABLE 2
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Poor

Poor
Good
Excellent

Consistency

Clinical impact
Generalizability
Applicability

1 Level II study (positive quality)
4 Level IV studies (cross-sectional studies) (all positive quality)
1 Australian and 2 U.S. studies reported no signiﬁcant effect; 2 U.S. studies (including RCT) reported an increase in total sugar intake for children to 13 y only but not for adolescents
Mostly small differences (0–20 g/d higher total sugar intake)
Studies conducted in Australia and the United States
Directly applicable in populations in whom breakfast cereals are consumed regularly
Poor

RCT, randomized controlled trial.
1

Applicability
Consumption of presweetened breakfast cereals does not increase total daily sugar
intake of children and adolescents
Evidence base

Clinical impact
Generalizability

C

Excellent
—

Poor
Excellent

Body of evidence provides some support but care should be taken in its application
27 Level IV studies (cross-sectional studies) (all positive quality)
22 studies reported no signiﬁcant effect; 3 reported an increase in total sodium; and 2 reported
a reduction
Mostly nil effect
Populations studied in the body of evidence cover a wide range of ages and countries of
residence
Directly applicable in populations in whom breakfast cereals are consumed regularly
Body of evidence provides some support but care should be taken in its application

Notes
Rating

—
Poor
Good
C

Grade
Evidence statement and components

Consumption of breakfast cereals does not increase the total daily sodium intake
Evidence base
Consistency

Diabetes, glucose intolerance, and metabolic
syndrome
Meta-analysis. There has been 1 meta-analysis of the evidence of the effect of whole-grain breakfast cereal consumption on diabetes (118). That study examined 16
cohort studies looking at whole and reﬁned grains in general, but only 3 studies (with follow-ups ranging from 6 to
19 y) had subanalyses on breakfast cereals speciﬁcally, all
conducted in the United States (119–121). The RR of incident type 2 diabetes (T2D) comparing the highest vs.
the lowest consumption of whole-grain breakfast cereal
was 0.72 (95% CI: 0.55, 0.93; P = 0.01). For each additional serving of whole-grain breakfast cereal, the RR
was 0.73 (95% CI: 0.59, 0.91; P = 0.006). The authors
noted the relatively small number of studies and did not
report any results on refined-grain breakfast cereals separately, although their overall conclusion was that refined
grains in general are not associated with a reduced risk
of T2D.
The largest prospective study in this meta-analysis examined the association of breakfast cereal consumption and the
risk of development of T2D among 21,152 male participants
in the U.S. Physicians’ Health Study I (120). Weekly cereal
consumption in 4 categories (none, #1/wk, 2–6 times/wk,
and $7/wk) was estimated by using an FFQ and breakfast
cereals were categorized as whole grain or refined grain by
using the method of Jacobs et al. (122). Incident T2D over
19 y of follow-up was ascertained by annual follow-up
questionnaires.
When adjusted for age, cigarette smoking, BMI, physical
activity, and vegetable and alcohol intake, the HR for T2D in
the highest category of consumption compared with the
lowest was 0.69 (95% CI: 0.60, 0.79; P-trend < 0.0001).
There was evidence for a stronger protective effect of
whole-grain breakfast cereals compared with refined-grain
cereals at $7 servings/wk: an HR of 0.60 (95% CI: 0.50,
0.71) for whole-grain cereals vs. an HR of 0.95 (95% CI:
0.73, 1.3) for refined-grain cereals. However, both were associated with significant risk reductions at 2–6 servings/wk
(whole-grain HR: 0.76; 95% CI: 0.66, 0.87; refined-grain
HR: 0.69; 95% CI: 0.53, 0.90). The authors speculated that
the effect might be due to the fiber content attenuating glycemic responses or that diverse micronutrients such as magnesium, vitamin E, antioxidants, or phytoestrogens may be
responsible for the beneficial effects. They conclude: “These
results suggest that intake of breakfast cereals might confer a
lower risk of DM [type 2 diabetes].”
It should be noted that the population in this study consisted of highly educated male physicians who are likely to
have more generally healthy behaviors than the general
Breakfast cereals review 643S
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The summaries in Table 5 reflect the current evidence in
the literature. There is insufficient evidence to describe the
best types of breakfast cereals, although there are suggestions
of a greater protective effect of higher fiber and oat cereals in
some (but not all) of the studies.

TABLE 3

Systematic reviews of breakfast cereals and obesity1
Authors, year (reference)

Study type

Intervention/
outcome

de le Hunty and Ashwell, 2007 (84)

2 prospective
2 RCTs
1 RCT
RTEC consumption at breakfast/BMI,
weight loss

6 XS
2 prospective
6 RCTs
RTEC consumption frequency/BMI,
weight loss, risk of becoming
overweight
205 children (XS)
2379 children (prospective)
11,336 adults (XS)
17,881 adults (prospective)
52 adults (RCT)
Males and females, children 4–15 y,
normal and overweight; US, UK,
Spain, France
Positive
Inverse association between RTEC
consumption and BMI in all XS
studies, although not all statistically
signiﬁcant. In prospective study in
adults, 13-y risk of becoming over
weight was lower for those eating
RTEC daily (OR: 0.88; 95% CI: 0.76,
1.0).

Subjects, n

19,225 adults (prospective)
261 adults (RCTs)

Study
population

Men and women; normal, overweight
and obese adults; US, Finland

Quality2
Results

Neutral
Inverse association between RTEC
consumption and BMI in XS studies
No significant effects in intervention
trials

1
2

Kosti et al., 2010 (248)
10 XS
5 prospective
RTEC consumption at breakfast or other
meals/BMI, WHR, body weight
8272 children (XS)
4754 children (prospective)
20,670 adults (XS)
119,054 adults (prospective)
535 adults (RCTs)
Males and females; normal, overweight,
and obese; US, Sweden, Greece, UK,
Finland
Neutral
Inverse association between RTEC
consumption and BMI and % body fat
in all XS studies and prospective studies
and RCTs (in children: only when
accompanied by nutrition education)

RCT, randomized controlled trial; RTEC, ready-to-eat breakfast cereal; WHR, waist-to-hip ratio; XS, cross-sectional.
Determined by using the American Dietetic Association quality rating tool (11): positive, neutral, poor.

population, so further studies in other populations are required to conﬁrm the ﬁndings.

Cohort studies. There are 2 other cohort studies (not included in the meta-analysis) that reported on breakfast cereals. The Melbourne Collaborative Cohort Study (123)
recruited 41,258 people aged 27–75 y at baseline and examined self-reported diabetes incidence after 4 y of follow-up.
There was no significant relation between total breakfast cereal consumption, with an adjusted OR for incident diabetes
of 1.01 (95% CI: 0.75, 1.35; P = 0.6). This study did not analyze separately for whole-grain and refined-grain cereals
but did report no significant trend with cereal fiber consumption (OR: 1.08; 95% CI: 0.88, 1.32; P = 0.46 for each
additional 10 g/d).
The second study aimed to identify a dietary pattern associated with development of T2D (124). It examined data
from 7339 British civil servants in the Whitehall II Study
who were followed for an average of 12 y. The study used reduced rank regression to identify a dietary pattern that was
associated with increased risk of incident T2D (adjusted HR:
1.51; 95% CI: 1.10, 2.09; P < 0.0001). This pattern was characterized by high consumption of soft drinks, onions, burgers, crisps, and white bread and low consumption of
medium- and high-fiber breakfast cereals. However, none
of the individual foods (including breakfast cereals) showed
significant associations with risk of T2D.
One other relevant cohort study is from the Nurses’
Health Study (125). Although it did not analyze for breakfast
cereals specifically, it reported on whole-grain, bran, and
germ intake and risk of T2D and found a reduced risk
644S Supplement

with total whole-grain intake when the highest and lowest
quintiles of intakes were compared (RR: 0.75; 95% CI:
0.68, 0.83; P < 0.001). The results for bran were similar
(RR: 0.72; 95% CI: 0.65, 0.80; P < 0.001), but there was
no significant relation with germ intake. However, the whole
grain and bran in these studies were from all foods, so would
include bread and other grain food sources as well as breakfast cereals.
Overall, there were conﬂicting results from these cohort
studies. Although the Physicians’ Health Study showed a
protective effect of all breakfast cereals, the Melbourne and
Whitehall studies did not find this. It may be that the protective effects of whole-grain cereals or cereals with bran were
diluted in these studies, which did not separate out breakfast
cereals by subtypes.

Cross-sectional studies. There were 3 relevant cross-sectional
studies. A small Malaysian study in diabetic subjects found
an association between oat consumption and better blood
glucose control but no relation with cornﬂakes (113). A
U.S. study in young adults reported that RTEC consumers
were less likely to be overweight or have elevated serum insulin, but the only association related to diabetes was a
slightly higher glycosylated hemoglobin concentration in
those who included RTEC in their breakfasts. There was
no difference in the prevalence of metabolic syndrome
(114). Results from the 2001–2008 NHANES showed that,
compared with breakfast skippers, RTEC breakfast consumers aged 19–51 y were less likely to have elevated blood
glucose and metabolic syndrome, but there were no differences in those aged 51–70 y (115).
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Timlin and Pereira, 2007 (265)

Positive

Positive

Unknown

Positive

Burley et al.
(266)

Levine et al.
(267)

Geliebter
(268)

Holt et al.
(242)

Quality
rating

141 normalweight men
and women; UK

32 normal- and
overweight
men and
women; US

36 normal-weight
men and
women; US

20 normal-weight
women divided
into restrained
and unrestrained eaters;
UK

Subjects and
study location

Repeated-measures crossover trial comparing 4 isoenergetic breakfasts, consumed over different days; weighed
food record of ad libitum intake over
the day

Corn Flakes or All-Bran (plus milk,
sugar, bread, and jam); RTEC =
42% energy
Other meals: croissant + margarine and jam or fried eggs and
bacon and bread and
margarine

Energy consumed over
the day, measured with
weighed food diaries;
hunger ratings using
visual analog scale

Food intake measured at
lunch
Hunger rating after breakfast and at interval until
lunch

Oatmeal with 8 g ﬁber or sugared
corn ﬂakes (0 g ﬁber), with water as a control

Randomized controlled trial; isoenergetic
high- or low-ﬁber RTEC breakfast followed by ad libitum lunch 3 h later of
preferred ﬂavor of Sustacal taken
through a straw

Energy intake at breakfast
and lunch
Hunger rating after
breakfast

5 different RTECs of varying ﬁber
content (range 0–39 g/100 g)
served with milk and juice

Randomized controlled trial; breakfast
with different cereals followed by ad
libitum buffet lunch 3.5 h later

Outcomes
Visual analog ratings of
hunger and fullness at
30, 60, 90, 150, and 210
min
Food consumed from at
150 min from buffet
selection (sandwiches,
crisps, yogurt, or
biscuits)

Diet
Meals of cereal, full-fat milk, white
bread (plain or guar enriched),
butter, marmalade, and juice; 2
cereals tested: 40 g Kellogg’s
Bran Flakes or 40 g Kellogg’s
Corn Flakes

Randomized crossover design; comparing
high- (12.5 g) and low- (3.0 g) ﬁber
breakfasts on subsequent hunger ratings and food consumption 2.5 h after
breakfast

Study design

Additional intervention studies with breakfast cereals and weight management1

Authors
(reference)

TABLE 4
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Key results

(Continued)

There were no signiﬁcant effects of
breakfast type on ratings of hunger or
fullness, although restrained eaters
consistently expressed less hunger.
There were no signiﬁcant differences between the breakfasts in ratings of food
pleasantness, or on subsequent food
intake, comparing the breakfasts with
high- or low-ﬁber cereals.
“Greater quantities of fiber may be required to achieve a substantial hungerreducing effect” (p93)
Subjects were less hungry after eating
higher-ﬁber cereals (P = 0.052) and
there was a significant inverse correlation between fiber content of RTEC and
energy intake at lunch. Total breakfast +
lunch energy intake was lower with the
highest vs. the lowest fiber RTEC (1176
vs. 2324 kcal; P , 0.05).
“Cereals containing relatively large quantities of dietary fiber may decrease
short-term food intake.” (p1303)
Lunch intakes were signiﬁcantly smaller
after oatmeal (550 g) than cornﬂakes
(790 g) or water (794 g); P , 0005.
Appetite ratings from after breakfast to
lunch were lowest after the oatmeal
breakfast.
No differences in energy consumed at
lunch but total day’s intake was lowest
after All-Bran breakfast vs. eggs and
bacon (10.1 6 0.8 vs. 12.0 6 1.0 MJ;
P , 0.05) and hunger returned more
slowly after the high-fiber CHO-rich
breakfast. No difference with Corn
Flakes

Quality
rating
Positive

Positive

Positive

Positive

Authors
(reference)
Kirk et al.
(107)

Saltzman
et al. (101)

Melanson
et al. (102)

Ortega et al.
(105)

TABLE 4 (Continued )

67 overweight
women (mean
BMI: 28.4); Spain

180 overweight
and obese
adults; US

41 healthy men
and women,
both normaland overweight
(mean BMI: 26);
US

Subjects and
study location
22 overweight
adults [mean
BMI (in kg/m2):
31]; UK

Randomized controlled trial with 20%
hypocaloric diet with 2 diets with increased consumption of cereals (C) or
vegetables (V)

24-wk randomized controlled trial with 3
arms

8-mo randomized controlled trial, with all
food provided in the ﬁrst 10 wk; hypocaloric diet for 6 wk followed by 6
mo ad libitum

Study design
Within person pre-post study design; 2 wk
of replacing 1 meal with breakfast cereal, followed by 4 wk ad libitum highCHO diet

Diet C: breakfast cereals and cereal
bars at least 33/d, in addition
to normal cereal foods
Diet V: vegetables at least 33/d in
addition to normal cereal foods

1: 500 kcal hypocaloric diet plus
exercise (avoiding cereals)
2: Hypocaloric fiber-rich diet with
2 servings/d whole-grain cereals plus exercise
3: Exercise only

Hypocaloric diet for 6 wk with either a low-soluble-ﬁber control
diet or 45 g rolled oats/1000
kcal

Diet
Stage 1: 45 g RTEC with skim milk
Stage 2: encouraged to use RTEC
as a snack

Weight loss

Weight

Weight
Fat-free mass

Outcomes
Energy intake
Weight and BMI
Waist circumference %
body fat
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Key results
After 2 wk:
Mean energy intake declined from 9.06 to
6.77 MJ/d (P , 0.001)
Mean BMI declined from 31.0 to 30.3 (P ,
0.001). No significant change in body
fat or waist circumference. Changes
maintained at 6 wk.
“Replacing one main meal with breakfast
cereal led to moderate weight loss”
(p277)
Both groups lost weight and fat mass at
10 and 36 wk, but there were no
significant differences between
groups. Weight change at 36 wk:
Control group: 23.06 6 0.78 kg
Oat group: 22.77 6 0.69 kg
“Use of an oat cereal rich in soluble fiber in
a closely monitored hypocaloric feeding regime does not improve weight
loss or dietary compliance” (p50)
In both diet interventions weight loss was
more than with the exercise inter
vention, but there was no significant
difference in weight lost between
the 2 diet groups:
Diet + exercise: 26.2 6 0.7 kg
Diet + cereal: 25.7 6 0.7 kg
At 6 wk, a weight loss of 2.0 kg (SD: 1.3)
was achieved with the V diet and 2.8 kg
(SD: 1.4) with the C diet (P , 0.001)

Positive

Positive

Lightowler
and Henry
(104)

Hamedani
et al. (269)

Positive

Positive

RodríguezRodríguez
et al. (233)

Matthews
et al. (106)

12 normal-weight
men and
women;
Sweden

Positive

Hlebowicz
et al. (135)

70 overweight
men and
women who
were self-reported evening
snackers; UK

32 normal-weight
men and
women; Canada

41 overweight and
obese men and
women; UK

57 overweight
women (BMI:
24–35); Spain

Subjects and
study location

Quality
rating

Authors
(reference)

TABLE 4 (Continued )

Study design

Randomized controlled 6-wk study; subjects given a selection of breakfast cereals to consume instead of their
normal evening snack; control maintained normal habits

Repeated-measures crossover design of
test breakfast, after overnight fast, followed by ad libitum lunch of pizza and
water 3 h later

6-wk randomized trial with subjects required to consume 1 of 2 45-g equicaloric RTEC choices [single choice (SC)
or variable choice (VC)] with semiskimmed milk at breakfast and lunch,
without control of other meals

6-wk randomized controlled trial with
hypocaloric diet (20% less than requirements) with increased consumption of cereals (C) or vegetables (V)

Repeated-measures crossover blinded
trial; after 8-h fast subjects consumed
breakfast, each 1 wk apart

9 different varieties of Kellogg’s
RTECs were provided with external packaging removed;
participants were advised to try
each at least once

2 test breakfasts of 60 g RTEC in
1% fat milk):
High fiber: Fiber One (28 g fiber/
serving)
Low fiber: Corn Flakes (1.5 g fiber/
serving)

Dietary intake measured
by 3-d food diaries at
weeks 0, 2, 4, and 6;
anthropometry measures taken at 2-weekly
intervals

Visual analog scores of
subjective appetite
Energy intake at breakfast
and lunch

Weight loss over 6 wk

(Continued)

Satiety quotient (SQ) (=
fasting – post meal
sensation of hunger/
energy consumed at
meal)

Diet C: 2 servings of RTEC/d (30 g
breakfast, 40–60 g dinner) plus
a cereal bar midmorning

Two choices of RTEC compared:
SC: Fitnesse (Cereal Partners UK)
(1.7 g fiber/serving)
VC: Shredded Wheat (5.4 g fiber),
or Berry Shredded Wheat (5.0 g
fiber)
3-d food diaries used to record
diet intake

Key results
Bran cereal had a signiﬁcantly lower GER
than oat cereal (P = 0.023) but was not
different from Corn Flakes.
There were no significant differences in
satiety scores between the 3 cereals.
The mean SQ was greater in women on
diet C than diet V at the end of the
study (0.3 6 0.1 vs. 0.2 6 0.1; P ,
0.001).
The improved satiety among women
consuming the diet with higher cereal
content may have contributed to their
lower withdrawal rate.
Mean weight loss from baseline was signiﬁcantly greater in the VC vs. the SC
group (22.0 vs. 20.6 kg; P = 0.023); %
body fat mass also declined significantly in the VC group (20.9 6 2.0; P =
0.04) but not in the SC group.
“RTEC cereals are an effective short-term
weight-loss strategy when used as a
meal replacement” (p53)
The high-ﬁber cereal breakfast suppressed appetite more than the lowﬁber cereal (subjective appetite =
17.6. 6 0.1 vs. 210.0. 6 1.1 mm $ min$
kcal21; P , 0.01).
Cumulative energy intake (breakfast +
lunch) was lower after the high-ﬁber
cereal than after the low-ﬁber cereal:
1130 6 57 vs. 1422 6 66 kcal; P = 0.01.
“A high-fiber breakfast cereal contributes
to energy reduction at breakfast and
lunch, possibly due to its high satiety
value” (p1343)
There was a trend to lower total daily
energy intake in the intervention group
but this was not signiﬁcant.
“There were no significant differences
between groups in any anthropometric
measurements.” (p107)

Outcomes
GER measured by ultrasound and satiety
scores with validated
numerical scale over 2 h

Diet
50 g cereal (All-Bran, or Corn
Flakes) (Kellogg) or wholemeal
oat ﬂakes (Frebaco) plus 300 g
sour milk
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Neutral

Falaize et al.
(261)

1

46 adults aged 18–
75 y (mean BMI:
26.1); US

Randomized 2-way crossover trial with 2
isoenergetic breakfasts (363 kcal) of
oat-based cereal (250 kcal) served with
fat-free milk and Splenda, consumed
after overnight fast
Electronic visual analog scale measures
administered at 30, 60, 120, 180, and
240 min after start of breakfast

Ad libitum lunch of cheese sandwiches
and crisps, and dinner of pasta with
tomato and cheese sauce provided

3-way crossover design with 3 isocaloric
(1370 kJ) breakfasts with differing protein content after a 12-h overnight fast

34 overweight
subjects aged
18–65 y; Taiwan

30 normal-weight
men; UK

Study design
12-wk randomized double-blind intervention, with a b-glucan–containing
oat cereal or placebo

Subjects and
study location

CHO, carbohydrate; GER, gastric emptying rate; RTEC, ready-to-eat breakfast cereal.

Positive

Neutral

Chang et al.
(103)

Rebello et al.
(270)

Quality
rating

Authors
(reference)

TABLE 4 (Continued )

Diet

Honey Nut Cheerios (General
Mills) (4.54 g protein, 20.44 g
sugar, 4.54 g ﬁber; 1.73 g
b-glucan/serving)

Quaker old-fashioned oatmeal,
cooked with water (8.35 g protein, 1.67 g sugar, 6.69 g ﬁber;
2.63 g b-glucan/serving) vs.

1: Two poached eggs and white
toast (18.4 g protein)
2: Cornﬂakes, milk and white toast
(9.3 g protein)
3: Croissant, jam, and orange juice
(5.0 g protein)

37.5 g of cereal mixed with 250
mL hot water, replacing usual
food twice daily; both cereals
provided 145 kcal and 3.7 g ﬁber, but oat cereal included 1.5
g b-glucan

Outcomes

Visual analog scale measures of hunger, fullness,
stomach fullness, desire
to eat, prospective intake, and satisfaction

Energy consumed via
weighed food records
Subjective ratings of satiety every 30 min using
an electronic watch diary (AUC)

Body weight
BMI
% body fat
Waist-to-hip ratio
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Key results
All 4 anthropometric measures were signiﬁcantly improved in the intervention
compared with control, over 12 wk:
Weight: 22.08 6 2.05 vs. 0.52 6 1.74
kg; P = 0.000
BMI: 20.81 6 0.80 vs. 0.15 6 0.62; P =
0.000
% body fat: 20.93 6 1.73 vs. 0.39 6
1.94; P = 0.045
Waist-to-hip ratio: 20.01 6 0.02 vs.
0.01 6 0.03; P = 0.003
The egg-based breakfast was associated
with a lower energy intakes compared
with the cereal-based breakfast at the
following times:
Lunch: 1284 6 464 vs. 1407 6 379 kcal
(NS)
Dinner: 1899 6 729 vs. 2214 6 620 kcal
(P = 0.023)
And over the whole day (P = 0.007)
Satiety scores over the whole day were
also all higher with the egg vs. cereal
breakfast
How hungry do you feel: 227 vs. 262,
P , 0.01
How much could you eat: 237 vs. 269,
P , 0.05
How full do you feel: 234 vs. 206, P ,
0.05
There was no signiﬁcant difference in
satisfaction with the 2 cereals; however, oatmeal, which was higher in
protein and fiber but lower in sugar
than the RTEC, resulted over 4 h in:
Reduced hunger (P = 0.0036)
Increased fullness (P = 0.005)
Reduced desire to eat (P = 0.002)
Reduced prospective food intake (P =
0.0012)
“Oatmeal improves appetite control and
increases satiety. The effects may be
attributed to the viscosity and hydration
properties of the b-glucan content” (p272)

TABLE 5

Body of evidence summaries on breakfast cereals and obesity1

Evidence statement and components
Regular consumption of breakfast cereals is
associated with a lower BMI and a reduced risk
of being overweight or obese in adults and
children
Evidence base

Grade

Rating

B

—

Excellent

Good

Clinical impact

Satisfactory

Generalizability

Excellent

Applicability

Excellent
B

Excellent
Good
Good
Excellent

Applicability
Consumption of presweetened breakfast cereal
does not increase the risk of being overweight
or obese in children
Evidence base
Consistency
Clinical impact
Generalizability

Excellent
C

—

Poor
Good
Poor
Good

Applicability
Consumption of high-fiber breakfast cereals
improves satiety and reduces hunger
after a meal
Evidence base

—

Excellent
C

—

Good

Consistency

Poor

Clinical impact

Good

Generalizability

Good

Applicability

Excellent

4 Level I studies: 1 meta-analysis (positive quality) plus 3 systematic reviews covering 8 RCTs, 6 cohort studies, and 15
cross-sectional studies) (2 neutral and 1 positive quality)
14 Level II studies (RCTs) (2 neutral, 12 positive quality)
15 Level IV studies (cross-sectional studies) (all positive quality)
All cohort and cross-sectional studies report consistent effect;
RCTs results are less consistent
ORs for overweight/obesity = 0.19–0.87 in meta-analysis
= 0.88 in cohort study
Populations studied in the body of evidence cover a wide range
of ages and countries of residence
Directly applicable in populations in whom breakfast cereals are
consumed regularly
Body of evidence can be trusted to guide practice in most
situations
7 Level II studies (RCTs) (all positive quality)
Six of the 7 studies reported a beneﬁcial effect on weight loss
Range of reported weight loss: 1.9–3.4 kg over 6 wk
Populations studied in the body of evidence cover a range of
ages and countries of residence
Directly applicable in populations in whom breakfast cereals are
consumed regularly
Body of evidence provides some support but care should be
taken in its interpretation
3 Level IV studies (cross-sectional) (all positive quality)
All 3 studies show no difference in weight measures
Nil effect
Populations studied in the body of evidence cover includes
studies in children in the US and Australia
Directly applicable in populations in whom breakfast cereals are
consumed regularly
Body of evidence provides some support but care should be
taken in its interpretation
8 Level II studies (RCTs) (6 positive quality, 1 neutral, 1 poor
quality)
5 of the 8 studies reported a beneﬁcial effect on satiety and
hunger; 3 found no effect
Range of improvement ranges from 13% to 76% in supportive
studies
Populations studied in the body of evidence cover a range of
ages and countries of residence
Directly applicable in populations in whom breakfast cereals are
consumed regularly

RCT, randomized controlled trial.

Intervention trials. Most of the other evidence comes from
11 short-term studies examining the effect of different food
products on carbohydrate metabolism (126–136). Table 6
summarizes the results from these RCTs: 6 in diabetic and
5 in nondiabetic adults. All but 1 were short-term studies
comparing the effect of different breakfast cereals on glucose
and insulin responses. One 6-mo study compared the effect
of high- or low-GI cereals added to the diet of subjects with
non–insulin-dependent diabetes (131).
Several studies reported improved glucose or insulin responses with oat-, barley-, or psyllium-based cereal or muesli
breakfasts compared with other breakfast cereals in diabetic

subjects (126,127,129,131,136), and the effect was also seen
in some studies in normal subjects when cereals with b-glucan
were studied (130,134). In normoglycemic subjects, higher-fiber
breakfast cereals seemed to reduce postprandial plasma glucose
responses (132), but 2 studies found no difference between oatand wheat-based breakfast cereals in this regard (133,135). One
study reported no difference in insulin or glucose responses in
subjects with non–insulin-dependent diabetes whether breakfast
cereals were sweetened with 40% sucrose or were unsweetened
(128).
Several of the studies compared the effects of high- and
low-GI breakfast cereals. However, many factors can affect
Breakfast cereals review 649S
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Consistency

Consumption of breakfast cereal as a meal or snack
replacement can assist in weight loss in adults
Evidence base
Consistency
Clinical impact
Generalizability

1

Notes
Body of evidence can be trusted to guide practice in most
situations

Positive

Positive

Positive

Tappy et al.
(129)

Wheeler
et al. (128)

Positive

Golay et al.
(126)

Diabetic
subjects
Colagiuri
et al. (127)

Quality
rating

24 subjects (males and females) aged 14–25 y
with IDDM; US

8 subjects (males and females, aged 49–65 y)
with NIDDM;
Switzerland

14 adults with type 2
NIDDM, treated with
insulin; mean age = 69
y; mean BMI (in kg/m2)
= 29; Switzerland

8 subjects (males and females, aged 42–69 y)
with NIDDM but treated
with insulin; Australia

Subjects and
study location

Randomized crossover design
study. Subjects given 4 test
breakfast meals in random order of 4 d, 72 h apart. Meals
were prepared by a dietitian;
blood collected at 30 min intervals for 3 h.

Randomized crossover design
study. Subjects given 4 breakfast meals, in random order on
different days, each providing
35 g CHO.

Randomized crossover design
study. Subjects given 3 test
breakfast meals in random order of 3 d, 48 h apart. Meals
prepared by a dietitian; blood
collected at 30 min intervals for
3 h.
Randomized crossover design
study: two 1-wk periods separated by 1-wk washout. Patients
followed normal diet but provided with SRS or FRS breakfast
(46 g CHO) and morning snack
food

Study design

Intervention trials of breakfast cereals and diabetes1

Authors
(reference)

TABLE 6

4 meals matched for CHO (50 g/1.73
m2 body surface)
1) unsweetened cornflake cereal
2) sweetened cornflake cereal (40%
sucrose) (both Kellogg Co)
3) sucrose alone
4) glucose alone
All consumed with water

3 meals with milk and an extruded
breakfast cereal with 4, 6, or 8.4 g
b-glucan from oats, and 1 with
whole-meal bread, ham, and jam

3 meals matched in energy (470–480
kJ) and CHO (54–60 g)
A: 2 eggs, 2 slices whole-meal toast,
orange juice
B: 2 Weet-Bix, whole-meal toast,
C: 75 g muesli
All with milk, tea, or coffee
2 breakfast meals:
SRS: 65 g muesli + 120 mL whole
milk
FRS: 35 g cornflakes + 12 g sugar +
120 mL whole milk

Diet

AUC over 3 h for:
Plasma glucose
Free insulin

AUC of postprandial
plasma glucose and
insulin measured
over 4 h

Plasma glucose and
insulin throughout
the day, and over 3
h after oral GTT at
end of diet period

Postprandial glucose
(PG), serum insulin
(SI), and C-peptide
(CP) responses

Outcomes
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Postprandial responses to meals A and B were
similar. Meal C (muesli and skim milk) produced lower PG and SI responses to both
other meals (P , 0.02) and less endogenous insulin secretion CP: C = 62.8 vs. B =
99.8 vs. A = 89.8 pmol $ min21 $ mL21 (P ,
0.05).
Mean daily blood glucose concentration 21%
lower with muesli breakfast compared with
cornﬂakes (7.7 6 0.7 vs. 9.7 6 0.9; P =
0.023)
Fasting insulin was 17% lower after the muesli
compared with cornﬂakes (126 vs. 150; P ,
0.05). No change in Hb A1c.
Patients reduced daily insulin doses from
mean of 28 6 4 to 24 6 4 U (P , 0.05)
during the muesli period.
“Switching at breakfast only from standard
cereals to slow-release starch cereals improves the CHO metabolism of diabetic
patients” (p135)
Compared with the noncereal breakfast, all 3
cereal breakfasts signiﬁcantly decreased
the peak and average glucose and insulin
increments. Maximum increases in plasma
glucose after cereal breakfast were 67% (P
, 0.05), 42%, and 38% (P , 0.001) with 4, 6,
or 8.4 g b-glucan cereal compared with the
noncereal breakfast.
There was no difference in the AUC for the 2
cereals for plasma glucose.
There were no differences in insulin response
to any of the meals.
“Equivalent gram amounts of CHO as presweetened cereals are not detrimental to
people with IDDM compared to unsweetened cereals.” (p458)

Key results

Positive

Rendell et al.
(136)

Positive

Positive

Tsihlias et al.
(131)

Nondiabetic
subjects
Wolever
et al. (132)

Quality
rating

Authors
(reference)

TABLE 6 (Continued )

77 healthy nondiabetic
men aged 18–75 y; BMI
= 18.5–34; divided into
normal and high fasting
insulin ($41 pmol/L);
Canada

16 nondiabetic men and
women (mean age = 56
y, mean BMI = 30)
and
18 type 2 NIDDM men
and women (mean age
= 62 y, mean BMI = 33);
US

72 subjects with type 2
NIDDM; mean age = 62
y, mean BMI = 27;
Canada

Subjects and
study location

Randomized crossover design
study with 2 breakfasts consumed after overnight fast.

1) High-fiber cereal (Fiber One): 36.8 g
available CHO + 36.7 g fiber
2) Low-fiber cereal (Cornflakes): 36.8 g
available CHO + 0.8 g dietary fiber)
Both consumed with 250 mL low-fat
milk.

Plasma glucose and
insulin measured
over 2 h after
breakfast

AUC postprandial
plasma glucose and
insulin over 2 h

65 g oatmeal (7 g ﬁber) or Prowash
barley ﬂakes (23 g ﬁber) cooked
with 360 mL water
Prowash barely contained 15%
b-glucan vs. 5% in oats

Randomized crossover design
comparing 2 cereal breakfast
test meals, and a liquid meal
replacement control, each test
day separated by 3–7 d washout. Subjects tested after standardized evening meal and
overnight.

Outcomes
Hb A1c
Fasting glucose
Plasma insulin

Diet
High-GI cereals: cornﬂakes (Nature’s
Path), puffed rice (Arrowhead Mills),
crispy rice (Our Compliments)
Low-GI cereals: Bran Buds with psyllium (Kellogg) or prototype extruded oat cereal with psyllium
MUFA-diet subjects given margarine
and olive oil

Study design
Randomized parallel design with 3
treatment arms each lasting 6
mo: 10% energy from high-GI
breakfast cereal, low-GI breakfast cereal, or high-MUFA intake
with no breakfast cereal
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Key results

(Continued)

In all subjects, 2-h AUC plasma glucose increase was less after high-ﬁber cereal (107 6
7 vs .130 6 8 mmol 3 min/L; P , 0.001).
Insulin peak response was only reduced by
high-ﬁber cereal in hyperinsulinemic men
(351 6 29 vs. 485 6 55 pmol/L; P = 0.044)
but not normal controls.
“RTEC rich in nonviscous cereal fiber reduces
glucose responses in normal and hyperinsulinemic men” (p1285)

Compared with MUFA treatment, with cereal
breakfasts subjects consumed 10% more
energy from CHO.
There were no signiﬁcant differences in Hb
A1c or fasting glucose between treatments,
although cereal treatment groups had
higher 8-h plasma insulin concentrations
after cereal breakfast compared with the
MUFA group (P , 0.05).
“A 10% increase in CHO intake from breakfast
cereal had no deleterious effects on glycemic control over 6 mo in subjects with
type 2 DM [diabetes mellitus].” (p439)
The AUC glucose and insulin concentrations
were signiﬁcantly lower with the Prowash
barley compared with oatmeal in both
normal and diabetic subjects.
In diabetics:
Glucose: 83 6 13 vs. 200 6 34 mg/dL
(P , 0.001)
Insulin: 30 6 6 vs. 93 6 32 mIU/dL
(P , 0.001)
“Inclusion of foods with CHO that are absorbed slowly is beneficial in both the diabetic and prediabetic states” (p66)

1

27 healthy nondiabetic
nonsmoking men aged
25–54 y with BMI ,32;
US

Positive

Positive

Positive

Positive

Maki et al.
(133)

Hlebowicz
et al. (135)

Granfeldt
et al. (130)

Kim et al.
(134)

Study design

Randomized crossover design
comparing 5 cereal breakfast
test meals, each test day separated by 7-d washout. Subjects
tested after standardized evening meal and overnight fast.

Crossover design study with 2
breakfast test meals taken after
an overnight fast, 1 wk apart.

Randomized crossover design
study with 3 breakfast meals
taken after an overnight fast,
more than 1 wk apart.

Randomized crossover study with
two 2-wk treatment periods
with a 1-wk washout, incorporating oat- or wheat-based
breakfast cereals into usual diet.

5 energy- and CHO-matched hot cereals (mixed wheat and barley) with
0, 2.5, 5, 7.5, or 10 g b-glucan per
serving

2 oat bran mueslis, made with 3 or 4 g
of b-glucan, served with vanilla
yogurt, plus a sandwich of white
bread, cheese, and butter
Meals standardized to a total of 50 g
available CHO
Reference meal used muesli with corn
rather than oat flakes

Postprandial plasma
glucose and insulin
measured over 3 h

AUC of blood glucose
and insulin measured over 2 h after
breakfast meal

1) GER measured by
real-time
ultrasonography
2) Blood glucose from
finger-prick samples
3) Validated satiety
score

Outcomes
Postprandial glucose
and insulin responses over 10 h
after a fat-loading
breakfast including
hot cereal

Diet
Two energy- and ﬁber-matched cereals provided:
Oat: 76 g/d oat bran RTEC plus 60 g/d
hot oatmeal
Wheat: 84 g/d Frosted Mini-Wheats
(Kellogg) plus 60 g/d hot rolledwheat cereal
Each 50 g cereal served with 300 g
sour milk:
1) All-Bran (7.5 g fiber)
2) Whole-meal oat flakes (4 g fiber)
3) Cornflakes (1.5 g fiber)

Key results

The wheat-bran-based cereal resulted in a
lower GER (33%) compared with the oatbased cereal (51%) (P , 0.05) but was not
significantly different from cornflakes.
There were no signiﬁcant differences in the
2-h AUC for glucose or satiety.
“Cereal bran flakes slows the GER when
compared to oat flakes and corn flakes,
probably due to a higher fiber content.” (p1)
Muesli with 3 g b-glucans gave no significant
difference in glycemic response compared
with the reference.
Muesli with 4 g b-glucans compared with a
reference meal (no muesli) produced a
lower glycemic response:
AUC: glucose, 229.3%; insulin, 242% (P ,
0.05)
“4 g b-glucan from oats seems to be a critical
level for a significant decreases in glucose
and insulin responses in healthy people”
(p600)
The 10-g b-glucan cereal significantly reduced peak glucose at 30 min (P , 0.05),
but 2-h AUC did not differ between cereals.
10 g b-glucan cereal significantly reduced
AUC for insulin (P , 0.05) vs. 0 or 5 g.
“High b-glucan whole-grain products may
prove useful in the inclusion of dietary
management of hyperglycemia in obese
women” (p174)

“Postprandial insulin and glucose responses
over 10 h did not differ between [oat and
wheat] treatments” (p347)

CHO, carbohydrate; FRS, fast release starch; GER, gastric emptying rate; GI, glycemic index; GTT, glucose tolerance test; Hb A1c, glycated hemoglobin; IDDM, insulin dependent diabetes mellitus; NIDDM, non–insulin-dependent diabetes mellitus;
RTEC, ready-to-eat breakfast cereal; SRS, slow release starch.

17 normoglycemic obese
women, age 51 y, mean
BMI = 33.2; US

19 healthy nondiabetic
mean and women;
mean age = 38 y, mean
BMI = 22.4; Sweden

12 healthy nondiabetic
men and women; mean
age = 28 y, mean BMI =
22; Sweden

Subjects and
study location

Quality
rating

Authors
(reference)

TABLE 6 (Continued )
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TABLE 7

Body of evidence summaries on breakfast cereals and diabetes

Evidence statement and components
Regular consumption of whole-grain and high-fiber
breakfast cereals is associated with a reduced
risk of diabetes
Evidence base

Grade

Rating

Notes

B

—

Body of evidence can be trusted to guide practice in most
situations

Good

Consistency

Good

Clinical impact

Good

Generalizability

Satisfactory

Applicability

Good

Regular consumption of breakfast cereals is
associated with a reduced risk of diabetes
Evidence base

D

—
Good

Consistency

Poor

Clinical impact

Satisfactory

Generalizability
Applicability

Satisfactory
Good

Consumption of high-fiber breakfast cereals, especially
those high in soluble fiber, may assist in the
management of hyperglycemia in people with
diabetes
Evidence base

1

Cardiovascular disease
Meta-analyses and reviews. There are no meta-analyses of
the relation of breakfast cereals with the incidence of cardiovascular disease (CVD). However, there are 5 meta-analyses
of whole-grain cereals generally (138–142), which all reported
a finding of reduced risk of coronary heart disease with
whole-grain consumption, ranging from 19% to 30% reductions with intakes of $3 servings/d. Similarly, a meta-analysis
of the effect of dietary fibers on blood cholesterol reported
significant decreases in total and LDL cholesterol with the
consumption of oats and psyllium (143), and a recent metaanalysis concluded that insoluble fiber from cereal sources is
inversely associated with risk of coronary heart disease and
CVD (144).
Bioactive components of the aleurone in bran may be
particularly important in reducing the risks of CVD (145),
and the position of the ASN is that “consumption of foods
rich in cereal fiber or mixtures of whole grains and bran is

C

—

Satisfactory

Consistency
Clinical impact

Good
Good

Generalizability

Good

Applicability

Excellent

1 Level I study (meta-analysis of 3 cohort studies) (positive
quality)
All studies reported a protective effect from whole-grain
breakfast cereal consumption
RR = 0.76 (95% CI: 0.69, 0.84) for daily consumption of wholegrain breakfast
RR = 0.73 (95% CI: 0.59, 0.91) for each additional daily serving
2 of the 3 studies were in U.S. health professionals, and it is
hard to judge if it is reasonable to generalize to the total
population
Directly applicable in populations in whom breakfast cereals
are consumed regularly
Body of evidence is weak and recommendation must be
applied with caution
3 Level III–2 studies (cohort studies) (all positive quality)
2 Level IV (cross-sectional) (positive quality)
One large cohort study reported a protective effect from
breakfast cereal consumption but 2 others found no effect,
nor did the 1 cross-sectional study
RR = 0.69 (95% CI: 0.60, 0.79) for daily consumption of
breakfast cereals in the Physicians’ Health Study
Studies were conducted in the US, UK, and Australia
Directly applicable in populations in whom breakfast cereals
are consumed regularly
Body of evidence provides some support for
recommendation but care should be taken in its
application
5 Level II studies (RCTs1) (all positive quality)
1 Level IV study (cross-sectional studies) (positive quality)
All studies consistent
Plasma glucose 21–67% lower after high-fiber cereal vs.
controls
Populations studied in the body of evidence cover a wide
range of ages and countries of residence
Directly applicable in populations in whom breakfast cereals
are consumed regularly

RCT, randomized controlled trial.
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GI values, and its practical application may be limited as a
method of assessing the healthiness of individual foods.
This is supported by a study in women who consumed
high- or moderate-GI breakfast cereal breakfasts (GI: 77
vs. 51) (137). There were no differences related to the breakfast type in plasma glucose or insulin responses, nor estimated fat and carbohydrate oxidation rates during the
subsequent exercise periods. Furthermore, a recent study
of 43 Australian breakfast cereals showed that there was
no relation between the sugar content and the GI value of
breakfast cereals (82).
In summary, there are few long-term studies examining
the relation between breakfast cereal consumption and diabetes risk. There is some evidence supporting the role of
breakfast cereals, especially those higher in ﬁber, in the management of diabetes, but the evidence is not strong. Table 7
summarizes the evidence, but more studies in different populations are needed to confirm these relations.

Cohort and case-control studies. Four cohort studies and
1 case-control study reported on CVD outcomes with breakfast cereal consumption (Table 8). The study in UK vegetarians only looked at bran-based breakfast cereals and found
no relation with ischemic heart disease incidence, but the
other 4 studies all reported protective effects from wholegrain breakfast cereal consumption.
Intervention trials. Most intervention trials measured
short-term effects on blood lipids or blood pressure. Four
looked at the inﬂuence of folate-fortiﬁed breakfast cereals
on plasma homocysteine. In addition to those studies in
the reviews and meta-analyses, 3 recent RCTs with oat-based
breakfast cereals conﬁrmed their cholesterol-lowering effects.
A 12-wk study in overweight Taiwanese subjects reported a
10% reduction in total and LDL cholesterol when 2 servings
of oat cereals were consumed per day (103). A 12-wk U.S.
study in 204 overweight and obese adults found that
2 portions/d of ready-to-eat oat cereal lowered total cholesterol by 5.4% and non–HDL cholesterol by 6.3% (86). In
Australia, a 6-wk trial providing mildly hypercholesterolemic
men and women with 3.2 g of b-glucan/d in 2 servings of
oat-based porridge or cereal bars resulted in reductions of
7.8% in total cholesterol and 8.4% in LDL cholesterol (157).
Wheat-based cereals do not have any effect on serum
cholesterol. The 2002 review by Truswell (156) noted that
of 34 published trials with wheat ﬁber, 27 showed no effect
and 2 showed increases in total cholesterol. This negative
ﬁnding has been repeated in several recent trials with
wheat-based breakfast cereals (158–160).
A Canadian study in 72 subjects with T2D randomly assigned them to 10% more energy from carbohydrate in the
form of low-GI breakfast cereals (Bran-Buds or oat cereals
with psyllium) (Kellogg) or high-GI options [cornﬂakes
(Nature’s Path), puffed rice (Arrowhead Mills), or crispy
rice (Our Compliments)], with a higher MUFA control
(131). There were no significant differences in serum total,
LDL, or HDL cholesterol between the 2 types of breakfast
654S Supplement

cereals, nor any significant effect on blood lipids over the
6-mo study (161).
One study that added 60–80 g/d of 2 refined-grain breakfast cereals (Kellogg Corn Flakes and Rice Krispies) to the
diets of 209 free-living subjects in Finland found that this
led to a 2.5% reduction in saturated fat intake and a subsequent small (1%) reduction in total cholesterol over one 6-wk
period, which was significantly different from controls only
because their concentrations increased over the same time
(P = 0.007). However, in a second arm of the study, there
was no effect on blood lipids (91).
High plasma total homocysteine (tHcy) may be an independent risk factor for CVD (162) and supplemental folate
can decrease homocysteine concentrations. Several studies
showed that folate-fortiﬁed RTEC can reduce elevated homocysteine (163–165), and 1 New Zealand trial reported
that fortified breakfast cereal was more effective in reducing
tHcy concentrations than supplements or dietary education
(166). Another study in 70 subjects at the upper end of the
normal range of tHcy found that 4 wk of daily consumption
of breakfast cereal fortified with 100 mg of folate resulted in a
16% reduction in tHcy (167).
However, these results should be interpreted cautiously.
Subjects with moderate homocysteine concentrations who
are already eating other folate food sources regularly may
not beneﬁt (168), and a meta-analysis of 19 studies concluded
that B-vitamin supplementation to reduce homocysteine does
not have any signiﬁcant effect on risk of CVD (169).

Cross-sectional studies. Ten cross-sectional studies were
identiﬁed, which were not included in the systematic reviews
(32,40,110,113–115,170–173). Given the low value of crosssectional designs, only brief descriptions of these studies are
summarized in Supplemental Table 6.
In summary, there is strong evidence from the RCTs that
consumption of breakfast cereals that are sources of soluble
ﬁber (from oats, barley, and psyllium) is associated with better cardiovascular lipid proﬁles —specifically lower total and
LDL cholesterol—although there seems to be no effect on
HDL cholesterol. There are few intervention studies examining the long-term risk of CVD outcomes, but the few cohort and case-control studies mostly support a protective
effect for whole-grain breakfast cereals. Table 9 summarizes
the body of evidence statements.
Hypertension
Evidence examining the relation between breakfast cereals
and hypertension is limited to just 3 RCTs, 1 cohort and 2
cross-sectional studies (Table 10). The most convincing evidence comes from the Physicians’ Health Study (174). It
found a 19% reduction in hypertension risk with daily
breakfast cereal consumption and a stronger relation with
whole-grain than with refined-grain cereals. The authors
suggested that a number of components in cereals—including
folate, magnesium, potassium, and fiber—may be responsible
for this effect. However, these results were obtained in physicians who are likely to have generally healthy lifestyles, and
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modestly associated with reduced risk of obesity, T2D, and
CVD” (146).
A Cochrane review of whole grains and heart disease
noted speciﬁcally that 8 of the 10 studies were with oats,
and that their meta-analysis found effects of lower total cholesterol (20.20 mmol/L; 95% CI: 20.31, 20.01 mmol/L;
P = 0.0001) and LDL cholesterol (20.18 mmol/L; 95%
CI: 20.28, 20.09 mmol/L; P < 0.0001) from oats (141).
There are also meta-analyses reporting significant cholesterollowering effects of barley (20.30 mmol/L; 95% CI: 20.39,
20.21 mmol/L; P < 0.001) (147) and psyllium-enriched cereals
(20.30 mmol/L; 95% CI: 20.40, 20.20 mmol/L; P = 0.001)
(148).
At least 8 other systematic literature reviews (149–156) all
reported a finding of reduced risk of coronary heart disease
with oat, barley, or psyllium consumption, ranging from
19% to 30% reductions in cholesterol concentrations with
the highest intakes of $3 servings/d.

Positive

Positive

Liu et al. (195)

Djoussé and
Gaziano
(271)

Positive
quality

Positive

Key et al. (210)

Lockheart et al.
(272)

Quality
rating

106 ﬁrst MI cases and 105
controls matched for
age, sex, and location;
men and women aged
45–75 y; Norway

21,376 male physicians
aged 40–84 y in 1992,
free of CVD at baseline,
in the Physicians’ Health
Study; US

86,190 male physicians
aged 40–84 y in 1992,
free of CVD at baseline,
in the Physicians’ Health
Study; US

4336 men and 6453
women recruited from
1973–1979; 42% vegetarians; mean age = 46
y; UK

Subjects and
study location

Case-control

Previous year’s diet assessed with validated 190-item FFQ, grouped into 35
food groups: “whole-grain breakfast
cereals” = rolled oats, 4-grain cereal,
corn and oat flakes, or muesli (refined
grain cereals not reported)

Semiquantitative FFQ; for breakfast cereals, speciﬁc brands, portion sizes, and
frequencies were recorded; 7 frequency categories from never to $2
servings/d; whole-grain classified according to Jacobs ($25% whole-grain
or bran content) (122)

Semiquantitative FFQ; for breakfast cereals,
speciﬁc brands, portion sizes, and frequencies recorded; 7 frequency categories from never to $2 servings/d;
whole-grain classified according to
Jacobs ($25% whole-grain or bran content) (122)

Prospective cohort
study with 5.5 y
follow-up

Prospective cohort
study with 19.6 y
follow-up

Diet
5 foods reported; frequency of bran cereal
consumption assessed with questionnaire: at least daily, at least once a week,
less than once a week

Study design
Prospective cohort
study with 17 y
follow-up; causes
of death ascertained from death
certiﬁcates

Cohort and case-control studies of breakfast cereals and risk of CVD1

Authors
(reference)

TABLE 8
Outcomes

ORs calculated by parallel logistic regression across tertiles of intake

1018 cases of HF
Multiadjusted hazard RR for HF incidence from self-report
questionnaire

1381 deaths from CVD
Multiadjusted hazard RR for CVD
mortality; deaths classified based
on death certificates

SMRs
350 deaths from IHD
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Key results

(Continued)

27% ate bran cereals daily.
Vegetarian diet associated with 15%
reduction in mortality from heart
disease, but no signiﬁcant association of daily bran cereal consumption with IHD. SMR = 0.99 (95% CI:
20.79, 1.25)
Compared with those who never or
rarely consumed cereals, the relative risk of CVD mortality for men in
the highest consumption category
($1 serving/d) was:
All breakfast cereals:
RR = 0.87 (0.74, 01.03); P = 0.08
Refined-grain breakfast cereals:
RR = 1.04 (0.84, 1.27); P = 0.37
Whole-grain breakfast cereals:
RR = 0.80 (0.66, 0.97); P = 0.008
“CVD-specific mortality [was] inversely
associated with whole-grain but not
refined-grain breakfast cereal intake.”
(p594)
Compared with those who never or
rarely consumed cereals, men in
the highest consumption category
($1 serving/d)
All breakfast cereals:
RR = 0.0.71 (95% CI: 0.60, 0.85);
P , 0.001
Refined-grain breakfast cereals:
RR = 0.83 (95% CI: 0.58, 1.18);
P = 0.70
Whole-grain breakfast cereals:
RR = 0.72 (95% CI: 0.59, 0.88);
P , 0.001
“A higher intake of whole-grain
breakfast cereals is associated with
lower risk of HF” (p2080)
Lowest median intake (0 g/d) vs.
highest tertile (36 g/d): OR = 0.38
(95% CI: 0.16, 0.92); P , 0.05
“Whole-grain breakfast cereals [were]
significantly associated with reduced risk of MI” (p384)

Compared with those who never or
rarely consumed cereals, men who
consumed $1 serving/wk had a
lower lifetime risk of HF:
% Lifetime risk: 12.9 (95% CI:11.7,
14.1) vs. 15.0 (95% CI: 13.5, 16.50) (P
value not stated)
“Consumption of breakfast cereal and
fruits and vegetables were individually associated with a lower lifetime risk of heart failure.” (p397)
CVD, cardiovascular disease; HF, heart failure; IHD, ischemic heart disease, MI, myocardial infarction; SMR, standardized mortality rate.
1

Key results
Outcomes

1200 cases of HF
Lifetime risk of HF at age 40 y according to 6 lifestyle factors, including breakfast cereal
consumption
Semiquantitative FFQ; for breakfast cereals, speciﬁc brands, portion sizes, and
frequencies were recorded; 7 frequency categories from never to $2
servings/d; whole-grain classified according to Jacobs ($25% whole-grain
or bran content) (122)

Diet
Study design

Prospective cohort
study with 22.4 y
follow-up
20,900 male physicians
aged 40–84 y in 1992,
free of CVD at baseline,
in the Physicians’ Health
Study; US
Neutral
Djoussé et al.
(273)

Subjects and
study location
Quality
rating
Authors
(reference)

TABLE 8 (Continued )

Digestive and gut health
Celiac disease. There has been debate about the extent to
which oats may be tolerated in a gluten-free diet because
of their lower prolamine gliadin content compared with
wheat, rye, and barley. Uncontaminated oats are consumed
by >70% of patients with celiac disease in countries such as
Sweden, Finland, and The Netherlands (178), and at least
1 randomized trial found that oats do not induce antibody
responses in children with celiac disease (179). The Canadian Celiac Association notes that it is possible to produce
oats without contamination from other grains and that in
well-controlled individuals the incorporation of up to 50–
70 g/d of pure oats may be possible (180).
One systematic review of 15 clinical studies in adults and
children concluded that the majority of people with celiac
disease can tolerate moderate amounts of pure oats, but
that individuals should have both initial and long-term assessments by a health professional when introducing oats
(181). A more recent systematic review identiﬁed 17 primary studies, of which 6 met inclusion criteria. None of
the 6 studies found any signiﬁcant differences in the serology
between oat consumers and control groups, although 2
found signiﬁcant differences in intraepithelial lymphocyte
counts (182). The authors concluded that oats can be symptomatically tolerated by most patients but that long-term effects of a diet with oats remain unknown.
These conclusions were supported by a recent doubleblind multicenter study in 8 pediatric clinics in Sweden
with 93 patients on strict gluten-free diets, which showed
that the addition of moderate amounts of oats (25–50 g/d)
did not prevent clinical or small bowel mucosal healing or
humoral immunologic downregulation in children (183).

Laxation and constipation. The effect of dietary ﬁber on
stool weight was estimated in a meta-analysis of >100 studies
(184). Breakfast cereals provide 8–12% of the dietary fiber in
adult diets in the United States, the United Kingdom, and
Australia (64,185,186) and therefore have an important role
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the results do not provide any data on hypertension risk in
women.
In the 2 cross-sectional studies analyzing data from
NHANES, the consumption of RTEC at breakfast was associated
with a 36% reduction in hypertension risk (114,115,173).
The results from the 3 RCTs are less consistent and were
all primarily focused on oats. One study with both oatand wheat-based cereals reported no effect on blood pressure (175). Of the 2 others with oats, 1 found a reduction
in the need for hypertensive medication (176), whereas
the other found a hypotensive effect of foods with b-glucan
(of which only 2 of the 3 daily servings were from breakfast
cereals), but only in obese, hypertensive subjects (177).
None of these studies examined the effect of breakfast cereals in normotensive subjects. The evidence base is therefore very limited, if suggestive, and this is reflected in the
evidence summary in Table 11.

TABLE 9

Body of evidence summaries on breakfast cereals and CVD1

Evidence statement and components
Regular consumption of oat-, barley- or psyllium-based
breakfast cereals can help lower total and LDL
cholesterol concentrations
Evidence base

Rating

A

—

Excellent

Excellent
Good

Generalizability

Excellent

Applicability

Excellent
—

C

Satisfactory

Consistency

Good

Clinical impact

Good

Generalizability
Applicability

Good
Excellent

Regular consumption of breakfast cereals is associated
lower total and LDL-cholesterol concentrations
Evidence base

—

D

Poor

Consistency

Good

Clinical impact
Generalizability

Satisfactory
Excellent

Applicability

Excellent

Notes
Body of evidence can be trusted to guide practice

6 Level I studies: 3 meta-analysis plus 3 systematic reviews
covering over 70 different RCTs (all positive quality)
3 Level II studies: RCTs (2 servings of oat-based cereals/d) (all
positive quality)
RCTs results show consistent protective effect
In meta-analyses, reductions ranged from 0.2 to 0.3 mmol/L
(total cholesterol) and from 0.1 to 0.35 mmol/L (LDL
cholesterol).
Populations studied in the body of evidence cover a wide
range of ages and countries of residence
Directly applicable in populations in whom breakfast cereals
are consumed regularly
Body of evidence provides some support but care should be
taken in its application
4 Level III studies (3 cohort and 1 case-control) all positive
quality)
1 Level IV study (cross-sectional) (all positive quality)
Most studies consistent. Lack of effect in 1 cohort study may
be due to low background risk in the vegetarian cohort
and limited diet intake data.
RR for CVD: 0.72–0.80
OR for IHD incidence: 0.38
Populations studied in the US, UK, and Norway
Directly applicable in populations in whom breakfast cereals
are consumed regularly
Body of evidence is weak and must be applied with caution
10 Level IV studies (cross-sectional in children and adults) (all
positive quality)
Mostly consistent effect, but some report effect only with
whole-grain cereals
Moderate effect: generally 1–7% reduction
Populations studied in the body of evidence cover a wide
range of ages and countries of residence
Directly applicable in populations in whom breakfast cereals
are consumed regularly

CVD, cardiovascular disease; IHD, ischemic heart disease; RCT, randomized controlled trial.

in supporting healthy laxation, but clearly this varies depending on the type of breakfast cereal and its fiber content.
Several studies have shown that adding dietary ﬁber (via
bran or other means) to breakfast cereals in institutional settings such as nursing homes can alleviate problems of constipation (187–190), but there have been few studies directly
examining the association of breakfast cereal consumption
with digestive problems generally. Five such studies were
identified—4 randomized trials (1 reported in 2 separate articles) and 1 cross-sectional study—and are summarized in
Table 12. The number of studies is small, but the consistent
findings, supported by many other studies on dietary fiber in
other forms, allows an evidence statement to be developed
with confidence (Table 13).
Dental health
Three published studies examined the relation between
breakfast cereal consumption and dental health in children
and adolescents (Table 14). No studies in adults were found.
In all but 1 of these studies (191) the authors reported the

total sugar content of cereal products, which includes not
only added sucrose but also sugars from fruit or milk
ingredients.
One study examined the cariogenic potential of PS breakfast cereals by using 3 methods to measure the in vitro ability
of a cariogenic strain of Streptococcus mutans to produce acid
from fermentable carbohydrate after the consumption of
breakfast cereal by volunteers either with or without milk
(192). The 12 cereals tested ranged in total sugar content
from 3% to 45.9%, with 9 cereals containing >25% sugar.
A positive correlation was found between total sugar content
and the production of acid, and the 6 cereals with the greatest pH change had a total sugar content of $42%. The cereals judged the least cariogenic (with the smallest change
in pH, concentration of calcium release from hydroxyapatite, and decreased salivary retention time) all had total sugar
contents of <10%.
However, because of the complex interactions between
dietary constituents and teeth in the development of dental
caries, it is not possible to give absolute determinations of
Breakfast cereals review 657S
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Consistency
Clinical impact

Regular consumption of whole-grain breakfast
cereals is associated with lower risk of CVD
Evidence base

1

Grade

Positive

Positive

Positive

Pins et al. (176)

Maki et al. (177)

Quality
rating

Davy et al.
(175)

Authors
(reference)

97 men and women
with elevated BP
(systolic = 130–179
mm Hg; and/or diastolic = 85–109 mm
Hg); US

45 men and 43
women being treated for hypertension (mean age =
47.6 y; mean BMI =
30.9); US

36 overweight mildly
hypertensive men
[mean age = 59 y;
mean BMI (in kg/
m2) = 29.4]; US

Subjects and
study location
Study design

12-wk randomized double-blind controlled
trial, with participants consuming 7.7 g/d
b-glucan from oats or control foods

12-wk randomized controlled trial, with participants consuming whole-grain oat or
wheat cereals, providing 14 g dietary
ﬁber/d
Wheat cereals used: Kellogg’s Mini-Wheats;
Mother’s Whole Wheat hot natural cereal;
oat cereals used: Quaker oat-bran cold cereal or oatmeal
Cereals increased the mean CHO in both groups
by 5%E.
12 wk pseudo-randomized controlled parallel-group trial, with either oat cereal or
isocaloric low-ﬁber wheat/corn cereal
interventions

TABLE 10 Studies of breakfast cereal and risk of hypertension1

Intervention subjects consumed an oat bran RTEC, a
hot oatmeal cereal, and a
b-glucan powder as a drink,
throughout the day

Resting BP

(Continued)

Reduced need for antihypertensive medication: 73% in
oats group vs. 42% in control (P , 0.05)
“A diet containing soluble
fiber-rich whole oats can
reduce the need for antihypertensive medication
and improve BP control”
(p353)
No change in BP between
arms overall
Obese subjects (BMI .31.5)
only with b-glucan diet
had lower BP vs. with
control foods:
Systolic: 25.6 vs. +
2.7 mm Hg
Diastolic: 22.3 vs. +1.9 mm
Hg (both P , 0.02)
“Beneficial effects of foods
containing b-glucan from
oats on blood pressure in
obese subjects.” (p786)

Antihypertensive medication

Diets incorporating 2 servings
of cereal per day:
Oats (1 serving oatmeal 1
1 serving Quaker oat squares
= 5.42 g b-glucan/d)
Control: wheat/corn-based
cereals

Key results
No effect on casual or 24-h BP
in mildly hypertensive men
with either the oat or wheat
cereal diets
“Any cardioprotective benefit
of regular oat consumption
may not be conferred via an
arterial BP-lowering effect”
(p394)

Outcomes
Resting supine and seated BP
BP variability

Diet
Normal diet plus 2 cereal
meals per day:
1) A hot cereal (oat or wheat)
at breakfast
2) A cold cereal (oat or wheat)
as a snack
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Positive

DeshmukhTaskar et al.
(114)

5316 adults aged 20–
39 y; US

9292 adults aged 19–
50 y and 5024 adults
aged 51–70 y from
the 2001–2008
NHANES; US

13,638 men in the
Physicians Health
Study I aged 40–86
y; US

Subjects and
study location
Study design

Cross-sectional study using the NHANES
1999–2006 database
BP recorded as mean of 3 or 4 readings
Hypertension = $130 mm Hg systolic, $85
mm Hg diastolic

Cross-sectional study using the NHANES
2001–2008 database
BP recorded as mean of 3 or 4 readings
Hypertension = $130 mm Hg systolic, $85
mm Hg diastolic

Prospective cohort study commenced in
1981–1983 with mean follow-up of 16.3 y
7367 cases of self-reported incident hypertension (systolic = $140 mm Hg, diastolic
= $90 mm Hg)

BP, blood pressure; CHO, carbohydrate; RTEC, ready-to-eat breakfast cereal.

Positive

McGill et al.
(115)
Sanders et al.
(173)

1

Positive

Quality
rating

Kochar et al.
(174)

Authors
(reference)

TABLE 10 (Continued )

Diet

Diet assessed from 24 diet recalls; breakfast characterized as skippers (BS), RTEC,
or other breakfast (OB) (i.e.,
no RTEC consumed)

Self-deﬁned RTEC consumers
(any amount) in 24-h diet
recall survey (n = 1148)

Diet assessed by validated FFQ
with 7 frequency categories
of breakfast cereals (from
rarely/never to $2/d);
whole-grain cereals categorized by using the Jacobs
definition (122)

Outcomes

Hypertension. ORs adjusted for
energy intake, age, sex, ethnicity, income, smoking, alcohol,
physical activity, marital status

Hypertension incidence and OR
(adjusted for age, ethnicity, income, energy intake, physical
activity, smoking, alcohol, BMI)

Hypertension HR (adjusted for
age, smoking, BMI, alcohol, fruit
and vegetables, physical activity, and history of type 2
diabetes)
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Key results
HRs for daily breakfast cereal
consumption:
All cereals = 0.81 (95%
CI: 0.75, 0.86); P , 0.0001
Refined = 0.86 (95% CI: 0.74,
1.00); P = 0.003
Whole-grain = 0.80 (95%
CI: 0.74, 0.86); P , 0.0001
“Whole-grain breakfast cereal
consumption confers a
lower risk of hypertension
in middle-aged males.”
(p89)
In 19–50-y-olds, % incidence
of hypertension: RTEC
breakfast consumers vs.
other breakfast
consumers:
21 6 0.2 vs. 25 6 0.1;
P , 0.05
Risk of hypertension: RTEC
breakfast consumers vs.
other breakfast consumers:
OR = 0.64 (95% CI: 0.50,
0.82). P = 0.007
There were no signiﬁcant differences in adults aged 51–
70 y.
Compared with other breakfast
consumers, RTEC consumers
were 24% less likely to
have hypertension. ORs:
RTEC vs. OB = 0.76 (95%
CI: 0.58, 0.99); P , 0.0167
RTEC vs. BS = 0.63 (95%
CI: 0.46, 0.87); P , 0.0167

TABLE 11

Body of evidence summary on breakfast cereals and hypertension1

Evidence statement
and components
Regular consumption of breakfast cereals may reduce the risk
of hypertension
Evidence base

Notes

—

Body of evidence is weak and must be applied with caution

Satisfactory

3 Level II studies (RCTs) (all positive quality)
1 Level III study (cohort) (positive quality)
2 Level IV studies (cross-sectional studies) (all positive quality)
1 cohort and 2 cross-sectional studies suggest protective
effect but 2 of 3 RCTs with oats show no effect
ORs: 0.64–0.81 in cohort and cross-sectional studies
The largest cohort study and 1 of the RCTs are both in men
only
Directly applicable in populations in whom breakfast cereals
are consumed regularly
Body of evidence provides some support for recommendation but care should be taken in its application
3 Level II studies (RCTs) (all positive quality)
1 Level III study (cohort) (positive quality)
3 Level IV studies (cross-sectional studies) (all positive quality)
None show increased blood pressure or risk of hypertension
Nil effect
The largest cohort study and 1 of the RCTs are both in men
only
Directly applicable in populations in whom breakfast cereals
are consumed regularly

Poor

Clinical impact
Generalizability

Good
Satisfactory

Applicability

Excellent
—

C

Satisfactory

Consistency
Clinical impact
Generalizability

Excellent
Poor
Satisfactory

Applicability

Excellent

RCT, randomized controlled trial.

cariogenicity (193). Most breakfast cereals are consumed
with milk, which acts as a buffer in pH lowering, and the calcium encourages enamel remineralization (191). All 3 studies in Table 14 showed no relation between breakfast cereal
consumption, although, interestingly, all showed lower (but
nonsignificant) caries incidence among cereal consumers.
This might be related to the known role of breakfast cereal
consumption in promoting high milk intakes. Table 15
sets out an evidence summary based on the 3 studies.
Other relations
All-cause mortality. Two cohort studies examined the relation of breakfast cereal consumption to overall mortality. In
1984, the 21-y follow-up of 27,530 adults in the Seventh-day
Adventist study calculated the adjusted OR of all-cause mortality when the most-frequent and the least-frequent breakfast cereal consumers were compared as 0.84 (95% CI: 0.73,
0.97; P < 0.01) (194).
In the U.S. Physicians’ Health Study, over a mean followup of 5.5 y, total mortality was inversely associated with
whole-grain breakfast cereal intake (OR: 0.83; 95% CI:
0.73, 0.94; P < 0.001) but not with refined-grain breakfast
cereal intake (OR: 1.09; 95% CI: 0.95, 1.25; P = 0.07) (195).
The OR for total breakfast cereals was also not significantly different from unity (OR: 0.92; 95% CI: 0.82, 1.02; P = 0.07). It is
striking that the results from the Adventist study were very
similar to those for whole-grain cereals in the Physicians’
Health Study, which may reflect a likely preference for
whole-grain cereals in the former group.

Cancer. There have been no reviews speciﬁcally about the impact of breakfast cereal consumption on cancer risk, although
660S Supplement

there are a number of reviews and meta-analyses on the relation between dietary ﬁber, cereal ﬁber, and cereal foods
generally with risk of cancer (196–199).
There has been concern about the potential carcinogenic
risks of acrylamide in cereals since the International Agency
for Research on Cancer designated it a “probable human
carcinogen” in 1994. In most Western countries, breakfast
cereals contribute only 2–10% of total acrylamide intake
(200–202). A recent study in participants of the Health Professionals Follow-Up Study estimated that cold breakfast cereals contributed 13% of total acrylamide intakes in the
United States but there was no association between acrylamide intake and risk of prostate cancer (203). Other prospective studies of breast and colon cancer also found no
significant associations with acrylamide intake (204–206).
It has been suggested that whole grains are a major source
of vitamins, minerals, and phytochemicals, which have anticancer properties (207). Dietary ﬁber could also decrease colorectal cancer risk by increasing stool bulk, diluting fecal
carcinogens, and decreasing transit time (208). In addition,
bacterial fermentation of ﬁber results in the production of
short-chain FAs, which may have protective effects (209).
A total of 13 studies examined the effect of breakfast cereals
with a range of cancer types (colorectal, lung, endometrial,
breast, prostate, and pancreas) in 5 cohort and 5 case-control
studies and 3 RCTs (210–222). It should be noted that some of
these studies were with wheat bran– or bran-based cereals
only. In none of the studies reporting all cancer or lung, colorectal, breast, or endometrial cancer outcomes were breakfast
cereal intakes related to cancer risk. One study identified an
increased risk of pancreatic cancer (for cooked but not cold cereal) (218) and another for prostate cancer from whole-grain
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Rating

D

Consistency

Regular consumption of breakfast cereals is not associated
with an increased risk of hypertension
Evidence base

1

Grade

Quality rating

Neutral

Negative

Odes et al. (274)

Turconi et al. (275),
Turconi et al. (276)

Study design

Diet

Outcomes

Key results

(Continued)

Bowel habits and laxative conThe high-ﬁber cereal relieved
8 men and 12 women Double-blind crossover trial of 50 g of high-ﬁber cereal made
2 breakfast cereals for 2 wk
from oats, corn, wheat, and soy
sumption recorded by subjects
constipation in all subjects and
(mean age = 55 y)
suffering chronic
(12.5 g ﬁber/serving)
decreased stool hardness. All
Equicaloric placebo made from
subjects in intervention group
constipation; Israel
corn starch (2 g fiber/serving).
stopped taking laxatives.
Compared with low-ﬁber placebo:
Stool frequency/wk: 11.9 6 4.1
vs. 9.5 6 3.8; P , 0.05
Stool hardness score: 1.4 6 0.9
vs. 2.4 6 0.7; P , 0.05.
“The high-fiber cereal tested here
was able to produce relief from
constipation within a relatively
short period of time” (p984)
12 men (M) and 12
Crossover trial; subjects con2 Kellogg’s cereals:
Bowel function questionnaire
Although total daily ﬁber intake
women (F), all healthy,
sumed 1 of 2 high-ﬁber
Bran Flakes (13% fiber)
increased compared with the
All-Bran (24% fiber)
aged 21–36 y; Italy
breakfast cereals for 2 wk,
normal diet, the increases
increasing gradually from 15 3-d diet diaries used to assess intakes
were not significant because
of reductions in fiber at other
(F) or 20 (M) g/d to 35 (F) and 2-wk washout period between
test cereals allowed normal diet
40 (M) g/d in second week
times of the day. For All-Bran
(test vs. washout):
Men: 24.8 6 3.9 vs. 15.7 6 3.7 g
fiber/d
Women: 21.1 6 4.6 vs. 14.0 6
3.4 g fiber/d
With Bran ﬂakes/All-Bran, 83%/
100% of women and 75%/83%
of men reported improved
bowel function (no statistical
results); 6 subjects developed
some ﬂatulence and cramps
“Considerable improvements in
bowel function were reported in
virtually all of the subjects during
the trial” (p229)

Subjects and
study location

Studies of breakfast cereals and laxation

Authors
(reference)

TABLE 12
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Neutral

Positive

Positive

Vuksan et al. (277)

Lawton et al. (237)

Quality rating

Ouellet et al. (190)

Authors
(reference)

TABLE 12 (Continued )

Study design

Diet

Key results
Good bowel status trial vs. control
OR = 4.95 (P , 0.001)

Outcomes
Bowel status (stool number, size,
consistency) rated from
1 (good) to 5 (poor)
Use of laxatives and enemas;
measured 8 d postoperatively

(Continued)

The intervention group also required fewer laxatives, suppositories, and enemas (P = 0.00)
“Bowel function in participants
who had wheat bran added to
their diets was five times better
than in the control group..
and decreases the likelihood of
developing constipation” (p435)
23 free-living healthy 5-phase randomized crossover 4 cereals providing 25–20 g fiber: Fecal weights
All study cereals signiﬁcantly inAB (All-Bran)
Transit times (based on radiotrial with each subject acting
creased fecal bulk from 128 g/d
subjects (12 M, 11 F)
BBC (Bran Buds with corn)
opaque pellets)
his own control; each treatwith the control to the
aged 19–59 y;
BBP (Bran Buds with psyllium) Bowel habits and symptom diaries
Canada
ment for 21 d with 7-d
following:
VFB (BBC with viscous fiber
AB 199 g, BBC 199 g, BBP 247 g,
washout in between
blend)
VFB 197 g (all P , 0.05)
Last week subjects provided
All cereals reduced median transit
all food and fecal samples Control (low ﬁber; 1.3 g)
time from 32 h in control to
were collected
the following:
AB, 28 h; BBC, 27 h; BBP, 25 h;
VFB, 25 h (all P , 0.05)
Stool frequency all increased (0.97
to 1.2/d) (P , 0.05)
No signiﬁcant changes in ease of
movement, stool consistency,
ﬂatulence, abdominal pain, although bloating slightly greater
with high-ﬁber cereals
153 low-ﬁber conWithin-subject pre-post de4 different high-ﬁber cereals
Digestive Wellbeing
In intervention periods there were
sumers (,15 g/d)
sign; 14 d usual diet fol(mean 14% ﬁber). All consumed
Questionnaire
signiﬁcant (,0.0001) improveaged 18–50 y with
lowed by 14 d intervention
Bran Shreds (27%) and 1 of 6
ments in self-reported constipaBMI (in kg/m2)
others [Wheat Bran Flakes (BF),
tion, bloating, sluggishness,
18.5–30; UK
BF + Sultanas, Frosted Mini
digestive discomfort, ease of
Wheats, Raisin Mini Wheats,
defecation, and stool quantity.
There were no changes in reChocolate BF, Apple&Fig BF]
ported indigestion or pain in the
digestive system.

Randomized controlled trial;
Wheat ﬁber trial: 20 g combina81 male and female
postoperatively the trial
tion of All-Bran and natural
subjects (mean age =
group received dietary wheat
wheat bran
67 y) undergoing orthopedic surgery; US
ﬁber supplementation as
Control: 20 g crushed Special K
high-ﬁber cereals at breakfast

Subjects and
study location
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51% of sample reported no digestive problems.
In all the analyses there were signiﬁcant main effects of breakfast
cereal consumption and digestive problems; however, none of
the interactions were signiﬁcant.

Key results
Outcomes
Diet
Study design

Breakfast cereal consumption self- Presence of symptoms: constipa14,952 adults aged 16– Cross-sectional study
Secondary analysis of survey data
rated on a 5-point scale from
tion, diarrhea, heartburn, gas,
98 y in the Bristol
Stress and Health at Symptomchecklistfor thelast 14d
never to every day
indigestion
Work Study; UK
Neutral
Smith (230)

Subjects and
study location
Quality rating
Authors
(reference)

Mental health. Feelings of well-being and positive mood
state are increasingly recognized as important components
of good health, and there has been a growth in studies looking at the relation of nutrition with these outcomes (223).
Many studies in the literature have focused on the role of
the breakfast meal, rather than breakfast cereals in particular. This search identiﬁed 7 cross-sectional studies (224–
230) and 9 intervention trials (229,231–238) that examined
the effects of a breakfast cereal on mood, stress, anxiety, and
depression. All of the cross-sectional studies suggested that
regular breakfast cereal consumers have lower levels of mental health problems, including less stress, anxiety, and depression. However, with studies of this type there is always
the possibility of reverse causality: that stress and mental
health problems lead to changes in diet. Therefore, intervention studies are particularly important to understand the
potential relation.
In 3 of the intervention studies (229,231,235), breakfast
cereal consumption was compared with no food for breakfast, so it is not possible to draw any conclusions about
the effect of the type of breakfast food—the effects are likely
to be a general breakfast (or carbohydrate) consumption effect. Two of the other studies used high-fiber, wheat-based
cereals in the intervention, so the applicability to breakfast
cereals in general is also uncertain. Authors of 1 study comparing a breakfast cereal with a muffin breakfast suggested
that some of the differences were due to perceptions of different energy content of the breakfasts. That study also included toasted bread along with cereal in the “breakfast
cereal” intervention. There have been no studies in subjects
selected because of high levels of anxiety or depression.
Given the diverse interventions and outcome measures
used in these studies, much more research is needed to understand the relations between well-being and breakfast
cereals.
Cognitive performance. One review of 22 studies examining the association of breakfast consumption and academic
performance in children and adolescents concluded that
breakfast consumption may improve cognitive function related to memory, test grades, and school attendance (17).
The effects could come from alleviating hunger, or they
might be attributable to enhanced blood glucose (239).
A more recent review of 45 articles concluded that breakfast consumption is more beneﬁcial than skipping breakfast,
but that this effect is mainly apparent in children whose nutritional status is compromised (240). The authors noted,
“there is a lack of research comparing breakfast type, precluding recommendations for the size and composition of
an optimal breakfast for children’s cognitive function.”
Most studies have focused on the cognitive functioning of
children. There is 1 prospective study of RTEC consumption
Breakfast cereals review 663S
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but not refined-grain breakfast cereals (216), but there are no
plausible mechanisms that could account for these findings
and they would need to be confirmed before any firm conclusions can be made.

TABLE 13

Body of evidence summary on breakfast cereals and digestive health1

Evidence statement and components
Consumption of high-fiber wheat-based breakfast cereals
helps prevent constipation and improves bowel
function
Evidence base

Rating

A

—

Good

Consistency

Good

Clinical impact
Generalizability

Good
Excellent

Applicability

Excellent

Notes
Body of evidence can be trusted to guide practice

5 Level II studies (RCTs) (2 positive quality; 2 neutral,
1 negative)
1 Level IV study (cross-sectional) (all positive quality)
All clinical trials reported improvements in stool frequency,
bulk, and transit time. One cross-sectional study found no
relation with consumption, but this was with all types of
breakfast cereals, not just high-ﬁber.
Stool frequency increased on average by at least 25%
Populations studied in the body of evidence cover a wide
range of ages and countries of residence
Directly applicable in populations in whom breakfast cereals
are consumed regularly

RCT, randomized controlled trial.

among 3831 men and women aged >65 y in Utah who were
followed for 11 y and had their cognitive function assessed
by the Modified Mini-Mental State Examination (241). In
multivariate models, more frequent RTEC consumption
was not associated with cognitive benefit, and daily RTEC
consumers had patterns of cognitive decline over 11 y similar
to infrequent consumers.
Seven RCTs looked at the effect of breakfast cereals on
different measures of mental performance: 1 in adults (242)
and the others in children and adolescents (229,243–247).
The adult study found the best alertness after an All-Bran
meal, which is known to have a low GI. Four of the studies
in children compared high- and low-GI breakfast meals
(243–246). One study (245) reported superior performance
in the high-GI breakfast cereal group, but the other 3 reported
cognitive enhancements with the low-GI breakfast cereal
option. None of these studies independently measured the
GI values of their test meals; all used calculated values. In
1 case other foods (bread and apple juice) were added to
the breakfast cereal meal. None of the studies seem to have
considered other possible explanations for the performance
differences aside from the glycemic effect of the foods.
It is difﬁcult to summarize results from these studies because a variety of different outcome measures were used and
in many cases only a small number of the measured outcomes were signiﬁcant. It appears that the consumption of
low-GI breakfast cereals may be beneﬁcial for some aspects
of the cognitive functioning of children and adolescents, but
more research in this area is needed.

Physical activity and performance. One of the explanations for the observed association of RTEC consumption
with lower BMI is the association with lifestyle habits such
as greater physical activity and reduced television watching
(248). One prospective cohort study in the United States
in 2379 girls compared the cumulative percentage of days
that each girl consumed breakfast cereal in childhood with
results from 30-d physical activity diaries. Girls who ate cereal more often were more likely to exhibit high levels of
physical activity and less television viewing (P < 0.05) with
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no difference according to the amount of fiber or total sugars in the breakfast cereals consumed (92,110). There was no
association between physical activity and number of days
eating noncereal breakfasts (39).
Another cross-sectional study in Greece in schoolchildren
aged 12–17 y reported a similar relation. Multiple regression
analysis revealed that the consumption of breakfast cereals
was associated with a higher likelihood of participation in
more physical activity (97). However, it is uncertain whether
there is anything causal in this relationship: it is very possible
that families who promote cereal-eating also encourage healthier lifestyles in general (249).
A few clinical studies used breakfast cereals to examine
the effect of foods provided before exercise performance
(250–253). All of these studies were in young active people
and the performance testing regimes were prolonged and
strenuous, so their relevance for the normal population in
everyday activities is uncertain. Only 2 of these studies compared >1 breakfast cereal, and the only significant difference
was in the trial that compared rolled oats with puffed rice
(253). The authors assumed that this difference was due to
the GI of the products, but there have been no studies comparing foods of similar nutritional content with different GI
values.
Given the paucity of relevant trials, it is not possible to
develop evidence summaries in relation to breakfast cereal
consumption and physical activity or exercise performance
without further research.

Other effects. There is some limited research on breakfast
cereals and probiotic effects (160,254,255), immune function (256,257), exercise recovery (258), and anemia (259),
but the information is too preliminary to draw any ﬁrm
conclusions.

Discussion
This review developed 21 statements on the evidence for the
health beneﬁts of breakfast cereal consumption, including 2
Grade A, 5 Grade B, 11 Grade C, and 3 Grade D statements.
Evidence levels A–C have been used to support the development
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1

Grade

Positive

Gibson (191)

1450 children aged 1.5–4.5 y
in the 1995 UK National
Diet and Health Survey; UK

949 children aged 7–11 y; US

375 adolescent schoolchildren
(mean age = 13 y); US

Subjects and
study location

Cross-sectional study

Prospective intervention
study
For 2 y, RTEC available
freely and mothers
asked to encourage
children to eat at least
1 serving daily

4-d weighed diet record
completed by main
caregiver. Children classiﬁed into tertiles of
breakfast cereal (BC)
consumption and
NMES

Diet
7 varieties of General Mills
RTECs [4 presweetened:
Trix, Cocoa Puffs, Frosty
Os, and Corn Bursts
(sugar content not deﬁned)]. Children were
free to eat whatever
foods they liked.
Consumption estimated by records of
food supplied; 60% of
cereals chosen were
presweetened.
14 varieties of Kellogg’s
RTECs (6 presweetened)
Consumption estimated
from records of food
supplied and participants classiﬁed as high,
medium, or low users;
46% of cereals consumed were presweetened (but no deﬁnition
of this category)

Study design
Prospective intervention
study
For 3 y, students given free
monthly samples of
breakfast cereals along
with toothbrushes and
toothpaste

DMF, decayed missing or filled; DMFT, decayed, missing, or filled teeth; NMES, nonmilk extrinsic sugars; RTEC, ready-to-eat cereal.

Positive

Glass and Fleisch (279)

1

Neutral

Quality rating

Rowe et al. (278)

Authors (reference)

TABLE 14 Studies on breakfast cereal consumption and dental caries1

% of children with caries
based on dental
examination

Incidence of DMFT measured
at dental examinations at 0,
12, 24, and 36 mo

There were no signiﬁcant associations between incidence of DMFT or
restorative treatments with
RTEC consumption overall
or for presweetened RTEC
speciﬁcally.
Incremental DMFT of high vs.
low RTEC consumers:
Presweetened RTEC: 4.01 6
4.04 vs. 4.04 6 5.02 (NS)
Regular RTEC: 3.53 6 3.93 vs.
4.24 6 4.87 (NS)
Caries prevalence was unrelated to consumption of BC
or NMES in cereals, although there was a trend to
lower incidence in the
higher consumers.
High vs. low BC consumption:
16 6 2 vs. 18 6 2 (NS)
High vs. low NMES in BC: 14 6
2 vs. 18 6 2 (NS)

Key results
There was no association between DMFT scores in
those who ate RTEC and
those who did not.
Incremental DMF surfaces of
eaters vs. non-eaters:
5.20 6 4.67 vs. 6.41 6 5.62
(NS)

Outcomes
Incidence of DMFT measured
at dental examinations at 0,
12, 24, and 36 mo
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TABLE 15

Body of evidence summary on breakfast cereals and dental caries

Evidence statement and components
Consumption of breakfast cereals by children is not associated
with increased risk of dental caries
Evidence base

1

Grade

Rating

Notes

B

—

Body of evidence can be trusted to guide practice in most
situations
2 Level II studies (RCTs1) (1 positive quality, 1 neutral)
1 Level IV study (cross-sectional) (positive quality)
All studies showed no signiﬁcant association (if anything, a
trend to lower caries incidence with cereal consumption)
No effect
Populations studied in the body of evidence cover a wide
range of ages and countries of residence
Directly applicable in populations in whom breakfast cereals
are consumed regularly

Satisfactory

Consistency

Excellent

Clinical impact
Generalizability

Poor
Excellent

Applicability

Excellent

RCT, randomized controlled trial.
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lifestyle and merely indicate eating and physical activity patterns that are more favorable overall for weight maintenance. Thus, there is a need for better-controlled cohort
and intervention trials to understand this relation. There is
insufﬁcient evidence to describe the best types of breakfast
cereals to prevent weight gain, although there are suggestions of a greater protective effect of higher-ﬁber and oat cereals in some (but not all) studies.
Studies that compared the effects of consumption of PS
or non-PS breakfast cereals mostly found no signiﬁcant differences in daily nutrient or energy intake, although the
consumption of total sugars may be increased, and that consumption of PS breakfast cereals does not increase the risk of
overweight or obesity in children.
There is an emerging evidence base suggesting that
breakfast cereal consumption may be associated with feelings of better mental well-being, improved cognitive functioning, and reduced risk of hypertension, but better trials
are required before any ﬁrm conclusions can be drawn.
There are several limitations of this review. First, it was
undertaken by a single author, whereas ideally at least 2 people would independently assess the studies. However, the reviewer was experienced in this task, having led the evidence
reviews that supported the last review of the Australian dietary guidelines (262). Second, almost all of the studies in the
literature on the nutritional impacts of breakfast cereal consumption are cross-sectional in design (mostly of RTEC
only) with very few RCTs, which is a weakness in the evidence base overall. Furthermore, the mechanisms for
many of the health effects summarized in this review are
not always clear. In some cases, the fortiﬁcation proﬁle
from added vitamins and minerals may be a factor, but
the natural nutrient content of cereals, including inherent
bioactive substances such as antioxidants and phytoestrogens, as well as the signiﬁcant contribution of breakfast cereals to whole-grain and dietary ﬁber intakes, are also likely
to contribute.
In summary, breakfast cereals are relatively inexpensive,
nutrient-dense, and convenient foods, which can be recommended to form part of a healthy balanced diet. Their regular consumption can help ensure an adequate nutrient
intake and may assist in reducing the risks of being overweight or of developing CVD or diabetes.
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of dietary guidelines previously (260). Some of the statements related to obesity, CVD, diabetes, and laxation are
only for whole-grain or high-fiber breakfast cereals, but
many are for the whole category of breakfast cereals. It
should be noted that when the evidence is only derived
from cohort or cross-sectional observational studies the
statements refer to an association with breakfast cereal consumption, and do not necessarily imply a causal relation.
Only when there is good evidence from intervention trials
do the statements use more direct language (e.g., “help
lower” or “improve”).
Regular breakfast cereal consumers usually have higher
daily milk intakes and are more likely to meet their recommended nutrient needs: in particular, they have better intakes of dietary ﬁber, B-vitamins, folate, calcium, iron,
magnesium, and zinc. Much of this effect is likely to be
due to the fortiﬁcation of many breakfast cereals. Breakfast
cereal consumption is also associated with diets that are
lower in fat but not with increased daily intakes of sodium
or energy.
A large number of cross-sectional studies all reported that
breakfast cereal consumption is associated with lower measures of overweight or obesity. Indeed, the consistency of
this ﬁnding in studies from many different countries in different age groups suggests that there is no need for additional studies of this type to be undertaken.
It is possible that a breakfast including breakfast cereal,
especially one that is higher in ﬁber, may provide better satiety
and prevent overconsumption later in the day. However, although there is evidence to support this hypothetical mode
of action, not all studies showed that total daily energy intakes
are lower when breakfast cereal is consumed; indeed, several
studies showed just the opposite (24,27,38,41,59,66,261).
This higher total energy intake by breakfast cereal consumers
may be because those who are overweight were trying to lose
weight by skipping breakfast, but the possible causal relations
are unclear and may not simply be due to reduced total energy intake.
Another possible mechanism could be that breakfast cereal consumption increases energy expenditure via better insulin sensitivity in the morning, but this is unlikely to be a
food-speciﬁc effect. On the other hand, breakfast cereal consumption may simply be a marker for an overall healthy
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